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INTRODUCTION.

For the benefit of the readers of Vol. Ill,

who have not read the general Introduction

found in Vol. I, a word as to the scope and

object of this volume will not be amiss.

It will be plain to any one on seeing the size

of the little book that it cannot be an ex-

haustive treatise on a subject so large as

that of Electricity. This volume, like the

others, is intended for popular reading, and
technical terms are avoided as far as possible,
or when used clearly explained. The subject
is treated historically, theoretically, and prac-

tically.

As the author has lived through the period

during which the science of Electricity has

had most of its growth, he naturally and

necessarily deals somewhat in reminiscence.

All he hopes to do is to plant a few seed-

thoughts in the minds of his readers that will

awaken an interest in the study of natural

science; and especially in its most fascinating
branch Electricity.
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If Vol. I is at hand, please read the Intro-

duction. It will bring you into closer sym-
pathy with the author and his mode of treat-

ment.

Again, if the reader is especially interested

in the theory of Electricity it will help him
very much if he first reads Vols. I and II, as

a preparation for a better understanding of

Vol. III. All the natural sciences are so

closely related that it is difficult to get a clear

insight into any one of them without at

least a general idea of all the others.



NATURE'S MIRACLES-

ELECTRICITY AND MAGNETISM.

CHAPTER I.

The writer has spent much of his time for

thirty-five years in the study of electricity

and in inventing appliances for purposes of

transmitting intelligence electrically between

distant points, and is perhaps more familiar

with the phenomena of electricity than with

those of any other branch of physics; yet he

finds it still the most difficult of all the natural

sciences to explain. To give any satisfactory

theory as to its place with and relation to

other forms of energy is a perplexing prob-
lem.

IT is said that Lord Kelvin lately made the

statement that no advance had been made in

explaining the real nature of electricity for

fifty years. While thi- <tatement if he really

made it is rather broad, it mu>t be aeknowl-
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edged that all the theories so far advanced are

little better than guesses. But there is value

in guessing, for one man's guess may lead to

another that is better, and, as it is rarely the

case that each one does not give us a little

different view of the matter, it may be that

out of the multiplicity of guesses there may
some time be a suggestion given to some in-

vestigator that will solve the problem, or at

least carry the theme farther back and es-

tablish its true relationship to the other forms
of energy. I cannot but think that there is

yet a simple statement to be made of Energy
in its relation to Matter that will establish

a closer relationship between the different

branches of physical science. And this, most

likely, will be brought about by a better under-

standing of the nature of the interstellar sub-

stance called Ether, and its relation to all

forms and conditions of sensible matter and

energy.
In the talks that will follow it will be the

endeavor of the writer to give such a simple
and popular exposition of the phenomena and

applications of electricity, in a general way
only, that the popular reader may get, at least,

an elementary understanding of the subject so

far as it is known. As we have said, the

descriptions will have to be elementary, for

nothing else can be done without such
elaborate technical drawings and specifications
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as would be impossible in our limited space,

and would not be clear to the ordinary reader

\vho knows nothing of the science.

Thousands who are employed in various

ways with enterprises, the foundations of

whic-li are electrical, know nothing of elec-

tricity as a science. A friend of mine, who is

a professor of physics in one of our colleges,

traveling a few years ago, and in his

wanderings he came across some sort of a

factory where an electric motor was employed.

Being on the alert for information, he stepped
in and intmdueed himself to the engineer, and
began asking him questions about the electric

motor of which he had charge. The professor
could talk ohm, amperes, and volts smoothly,,
and he "

fired
" some of these electrotechnical

names at the engineer. The engineer looked

at him blankly and said: "You can't prove it

by me. I don't know what you're talking
about. All I know is to turn on the juice and
let her buz/." How much "juice" is wasted
in this (-ut-and-dry world of ours and how
inneh ennld be saved it' (inly all were even

fairly intelligent regarding the laws of nature!
A great deal of the business of this world is

run on the "let her buzz" theory, and the

public pays for the waste. It will e.mtimie

to be so until a higher order of intelligenee

re Lr'-neraliy 'liffu-ed Jinmng the people.

A fountain can rise no higher than its
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source. A business will never exceed the in-

telligence that is put into it, nor will a gov-
ernment ever be greater than its people.

Let us begin the subject of electricity by
going somewhat into its past history. It is

always well to know the history of any subject
we are studying, for we often profit as much
by the mistakes of others as by their suc-

cesses. I shall also give the theories advanced

by different investigators, and if I should have

any thoughts of my own on the subject I

shall be free to give them, for I have just as

good a right to make a guess as any one. It

must be confessed, however, that the older I

grow the less I feel that I know about the

subject of electricity, or anything else, in com-

parison with wljat I see there is yet to be
known. I once met a young man who had

just graduated from college, and in his con-

versation he stated that he had taken a course
in electricity. I asked him how long he had
studied the subject. He said

"
three months."

I asked him if he understood it and he said

that he did. I told him that he was the man
that the world was looking for; that I had
studied it for thirty years and did not under-
stand it yet.

"A little learning is a dangerous thing"
for it puffs us up, and we feel that we know
it all and have the world in our grasp; but
after we have tried our "

little learning" on
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the world for a while and have received the

many hard knocks that are sure to come, we
are sooner or later brought up in front of the

mirror of experience, and we " see ourselves

as others see us," and are not satisfied with the

view.

Whatever the theories may be regarding

electricity, and however unsatisfactory they

may be, there are certain well-defined facts

and phenomena that are of the greatest im-

port ance to the world. These we may under-

hand: and to this end let us especially direct

our efforts.



CHAPTER n.

HISTORY OF ELECTRICAL SCIENCE.

Electricity as a well-developed science is

not old. Those of us who have lived fifty

years have seen nearly all its development so

far as it has been applied to useful purposes,
and those who have lived over twenty-five

years have seen the major portion of its de-

velopment.
Thales of Miletus, COO B.C., discovered, or

at least described, the properties of amber
when rubbed, showing that it had the power to

attract and repel light substances, such as

straws, dry leaves, etc. And from the Greek
word for amber elektron came the name

electricity, denoting this peculiar property.

Theophrastus and Pliny made the same obser-

vations; the former about 321 B.C., and the

latter about 70 A.D. It is also said that the

ancients had observed the effects of animal

electricity, such as that of the fish called the

torpedo. Pliny and Aristotle both speak of its

power to paralyze the feet of men and animals,
and to first benumb the fish which it then

preyed UP^- It is also recorded that a freed-

6
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man of Tiberius was cured of the gout by the

shocks of the torpedo. It is further recorded

that Wolimer, the King of the Goths, was able

to emit sparks from his body.

Coming down to more modern times A.D.

1600 we find Dr. Gilbert, an Englishman, tak-

ing up the investigation of the electrical pro-

perties of various substances when submitted

to friction, and formulating them in the order

of their importance. In these experiments we
have the beginnings of what has since de-

veloped into a great science. He made the

discovery that when the air was dry he could

soon electrify the substances rubbed, but when
it was damp it took much longer and some-

times he failed altogether. In 1705 Francis

Ilawksbee, an experimental philosopher, dis-

covered that mercury could be rendered lumi-

nous by agitating it in an exhausted receiver.

(It is a question whether this phenomenon
should not be classed with that of phosphor-
escence rather than electricity.) The nujnber
of investigators was so great that all of

thorn cannot be mentioned. It often happens
that those who do really most for a science

are never known to fame. A number of

people will make small contributions till the

structure has by degrees assumed large pro-

ins, when finally some one comes along
and puts a gilded dome on it and the whole

structure takes his name. This is eminently
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true of many of the more important develop-
ments in the science and applications of

electricity during the last twenty-five or thirty

years.

Following Hawksbee may be mentioned

Stephen Gray, Sir Isaac Newton, Dr. Wall,
M. Dupay and others. Dupay discovered the

two conditions of electrical excitation known
now as positive and negative conditions. In

1745 the Leydt-ii jar was invented. It takes

its name from the city of Leydcu, win -re its

use was first discovered. It is a glass jar,

coated inside and out with tin-foil. The in-

side coating is connected with a brass knob at

the top, through which it can be charged with

electricity. The inner and outer coatings
must not be continuous but insulated from
each other. The author's name is not known,
but it is said that three different persons in-

vented it independently, to wit, a monk by the

name of Kleist, a man by the name of Cuneus,
and

%
Professsor Muschenbroeck of Leyden.

This was an important invention, as it was
the forerunner of our own Franklin's dis-

coveries and a necessary part of his outfit with

which he established the identity of lightning
and electricity. Every American schoolboy
has heard, from Fourth of July orations, how
" Franklin caught the forked lightning from
the clouds and tamed it and made it sub-

servient to the will of man." How my boyish
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soul used to be stirred to its depths by this

oratorical display of electrical fireworks!

Franklin had long entertained the idea that

tho lightning of the clouds was identical with

what is called frictional electricity, and he

waited long for a church spire to be erected

in his adopted home, the Quaker City, in or-

der that he might make the test and settle the

question. But the Quakers did not believe in

spires, and Franklin's patience had a limit.

Franklin had the theory that most inves-

tigators had at that time, that electricity was

a fluid and that certain substances had the

power to hold it. There were two theories

prevalent in those days both fluid theories.

One theory was that there were two fluids, a

positive and a negative. Franklin held to the

theory of a single fluid, and that the phe-
nomenon of electricity was present only when
the balance or natural amount of electricity

was disturbed. According to this theory, a

body charged with positive electricity had an
.-ive amount, and, of course, some other

body somewhere else had less than nature had
allotted to it; hence it was charged with

negative electricity. A Leyden jar, for in-

stance, having one of its coatings (say the

in-i'i' -I with p>-itive or + electricity,

tin- other coating will he charged with negative
or electricity. The former was only a nani"

for an amount above normal and the latter a
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name for a shortage or lack of the normal
amount.
As we have said, Franklin believed in the

identity of lightning and electricity, and he

wait I'd long for an opportunity to demonstrate

his theory. He had the Leyden jar, and now
all he needed was to establish some suitable

connection between a thunder-cloud and the

earth.

Previous to 1750 Franklin had written a

paper in which he showed the likeness be-

tween the lightning spark and that of fric-

tional electricity. He showed that both sparks
move in crooked lines as we see it in a storm-

cloud, that both strike the highest or nearest

points, that both inflame combustibles, fuse

metals, render needles magnetic and destroy
animal life. All this did not definitely estab-

lish their identity in the mind of Franklin,

and he waited long for an opportunity, and

finally, finding that no one presented itself, he

did what many men have had to do in other

matters; he made one.

In the month of June, 1752, tired of wait-

ing for a steeple to be erected, Franklin de-

vised a plan that was much better and prob-

ably saved the experiment from failure; for

the steeple would probably not have been high

enough. He constructed a kite by making a

cross of light cedar rods, fastening the four

ends to the four corners of a large silk hand-
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kerchief. He fixed a loop to tie the kite string
to and balanced it with a tail, as boys do now-

s. He fixed a pointed wire to the upper
end of one of the cross sticks for a lightning-

and then waited for a thunderstorm.
When it came, with the help of his boy, he
sent up the kite. He tied a loop of silk

ribbon on the end of the string next his hand
as silk was known to be an insulator or non-

conductor and having tied a key to the string
he waited the result, standing within a door
to prevent the silk loop from getting wet and
thus destroying its insulating qualities. The
cloud had nearly passed and he feared his

long waited for experiment had failed, when
he noticed the loose fibers of the string stand-

ing out in every direction, and saw that they
were attracted by the approach of his finger.

The rain now wet the string and made a
: conductor of it. Soon he could draw

sparks with his knuckle from the key. He
charged a Leyden jar with this electrical cur-

from the thunder-cloud, and performed
all the experiments with it that he had done
with ordinary electricity, thus establishing
the identity of tin- two and confirming beyond
a doubt what he had lung before believed was
true. In after experiments Franklin found
that Romctinn tri<it\ of the clouds

was positive and at other times negative.
From this experiment Franklin conceived the
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idea of erecting lightning-rods to protect

buildings, which are used to this day.
The news spread all over Europe, not

through the medium of electricity, however,
but as soon as sailing vessels and stage-
coaches could carry it. Many philosophers

repeated the experiments and at least one man
sacrificed his life through his interest in the

new discovery. In 1753 Professor Richman
of St. Petersburg erected on his house a metal
rod which terminated in a Leyden jar in one
of the rooms. On the 31st of May he was at-

tending a meeting of the Academy of

Sciences. He heard a roll of thunder and
hurried home to watch his apparatus. He
and one of the assistants were watching the

apparatus when a stroke of lightning came
down the rod and leaped to the professor's
head. He was standing too near it and was

instantly killed.

Passing over many names of men who fol-

lowed in the wake of Franklin we come to the

next era-making discovery, namely, that of

galvanic electricity. In the year 1790 an in-

cident occurred in the household of one Luigi
Galvani, an Italian physician and anatomist,
that led to a new and important branch of

electrical science. Galvani's wife was prepar-

ing some frogs for soup, and having skinned
them placed them on a table near a newly
Charged electric machine. A scalpel was on
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the table and had been in contact with the

machine. She accidentally touched one of

the frogs to the point of the scalpel, when, lo !

the frog kicked, and the kick of that dead frog

changed the whole face of electrical science.

She called her husband and he repeated the

experiment, and also appropriated the dis-

covery as well, and lie has had the credit of it

ever since, when really his wife made the dis-

covery. Galvani supposed it to be animal

electricity and clung to that theory the rest

of his life, making many experiments and

publishing their results; but the discovery led

others to solve the problem.
Alessandro Volta, a professor of natural

philosophy at Pavia, Italy, was, it must be

said, the founder of the science of galvanic or

voltaic electricity. Stimulated by the dis-

covery of Galvani he attributed the action of

the frog's muscles, not to animal electricity,

but to some chemical action between the

metals that touched it. To prove his theory,
he constructed a pile made of alternate layers
of zinc, copper, and a cloth or pasteboard sat-

urated in some saline solution. By repeating
these trios copper, zinc, and the saturated

cloth he attained a pile that would give a

powerful shock, [t if < ailed the Voltaic Pile.

I have a clear idea of the construction of

this form of pile, founded on experience. It

was my habit when a boy to make everything
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that I found described, if it were possible.
The bottom of my mother's wash-boiler was

copper, and just the thing to make the square

plates of copper to match the zinc ones, made
from another piece of domestic furn it u re-

used under the stove. I shocked my mother
twice first with the voltaic pile that I had

constructed, and again when she found out

where the metal plates came from. The
sequel to all this was but why dwell upon a

painful subject!
Galvanism and voltaic electricity are the

same. Volta was the first to construct what
is termed the galvanic battery. The unit of

electrical pressure or electromotive force is

called the volt, and takes its name from Volta,
the great founder of the science of galvanic
or voltaic electricity. From this pile con-

structed by Volta innumerable forms of bat-

teries have been devised. The evolution of

the galvanic battery in all its forms, from
Volta to the present day, would fill a large
volume if all were described.

The discoveries of Michael Faraday (1791-

1867), the distinguished English chemist and

physicist, led to another phase of the science

that has revolutionized modern life. Faraday
made an experiment that contains the germ of

all forms of the modern dynamo, which is a

machine of comparatively recent development.
He found that by winding a piece of insulated
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\\iro around a piece of soft iron and bringing
the two ends (of the wire) very close together,

and then placing the iron across the poles of

a permanent magnet and suddenly jerking it

'

away, a spark would pass between the two ends

of the wire that was wound around the piece

of soft iron. Here was an incipient dynamo-
el, c-tric machine the germ of that which

plays such an important part in our modern
civilization.

Having brought our history down to the

present day, it would seem scarcely necessary
to recite that which everybody knows. It is

well, however, to call a halt once in a while

and compare our present conditions of civil-

ization with those of the past. Our world is

filled with croakers who are always sighing
f>r the good old days. But we can easily imag-
ine that if they could go back to those days
their croaking wouM he still louder than it is.

Before the advent of electricity many things

were impossible that are easy now. In the old

days the world was very, very large; now,
thanks to electricity, it H knocking at the door

of every man's house. The lumbering stage-

fi.Mch that was formerly our limited express

limited to thirty or forty miles a day has

been supplanted by one that rovers 1000 miles

in the same lime, am] this hiirh rate of speed

de possible only hy the use of the electric

telegraph.
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In the old days all Europe could be involved

in a great war and the news of it would be

\\tt ks in reaching our shores, but now the

firing of the first gun is heard at every fireside

tin- world over, almost before the smoke has

cleared away. Our planet is threaded with

iron nerves that run over mountains and under

seas, whose trembling atoms, thrilled with the

electric fire, speak to us daily and hourly of

the great throbbing life of the whole civilized

world.

Electricity has given us a voice that can

be heard a thousand miles, and not only heard,

but recognized. It has given us a pen that

will write our autograph in New York, al-

though we are still in Chicago. It has given
us the best light, both from an optical and a

sanitary standpoint, that the world has ever

seen. The old-fashioned, jogging horse-car

has been supplanted by the electric
"
trolley,"

and we no longer have our feelings harrowed
with pity for the poor old steeds that pulled
those lumbering coaches through the streets,

with men and women crowded in and hanging
on to straps, while everybody trod on every
other body's toes.

' In olden times we took a car
Drawn by a horse, if going far,

And felt that we were blest ;

Now the conductor takes the fare

And puts a broomstick in the air

And lightning does the rest.
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" In other days, along the street,

A glimmering lantern led the feet,

When on a midnight stroll;

But now we catch, when night is nigh,
A piece of lightning from the sky
And stick it on a pole.

" Time was when one must hold his ear

Close to a whispering voice to hear,
Like deaf men nigh and nigher;

But now from town to town he talks

And puts his nose into a box
And whispers through a wire."

So jogs the old world along. We some-

times think it is slow, but when we look back

a few years and see what has been accom-

plished it seems to have had a marvelously

rapid development.

Something like fifty years ago a professor

of physics in one of our colleges was giving
his class a course in electricity. The electric

telegraph was too little known at that time to

cut much of a figure in the classroom, so the

stock experiments were those made with the

frictional electric machine and the Leyden jar.

One day the professor had, in one hour's time,

taken his class through a course of electricity,

and at the end he said :

"
Gentlemen, you were

born too late to witness the development of this

great science." I often wonder if the good
-or i- i ver allowed to p;irt the veil that

separates us from the great beyond and to look

d\vn upon this lm-y world of ours in which
1. ( tricity plays such an important part in our
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every-day life; and if so, what he thinks of

that little speech he made to the boys fifty

years or more ago.

If we make an analysis of the history of

the science of electricity we shall see that it

has progressed in successive eras, shortening
as they approach our time. For a period of

2300 years, from Thales to Franklin, but littl.-

or no progress was made beyond the further de-

velopment of the phenomena of frictional elec-

tricity the most important invention being
that of the Leyden jar. From Franklin to Vol-
ta was forty-eight years, and from Volta to

Faraday about thirty-two years. From this

time on the development was very rapid as com-

pared with the old days. Soon after Faraday,
Morse, Henry, Wheatstone, and others began
experiments that have grown, during fifty or

sixty years, into a most colossal system of elec-

iric telegraphs, telephones, electric lights and
electric railroads. In the latter days marvel
has succeeded marvel with such rapid strides

that the ink is scarcely dry from the descrip-
tion of one before another crowds itself upon
our attention. Where it will all end no one

knows, but that it has ended no one believes.

The human mind has become so accustomed to

these periodic revelations of the marvelous
that it must have the stimulus once in a while

or it suffers as the toper does when deprived of

his cups. The commercial instinct of the
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news-vender is not slow to see the situation,

and if the development is too slow to suit the

public demand his fertile brain supplies the

lack. So that every few days we hear of some

great discovery made by some one it may be

unknown to fame. It has served its purpose.
Tlu- public mind has had its mental toddy and

has been saved from a fit of intellectual de-

lirium tremens that it was in danger of from
lack of its accustomed stimulus.

Having given you a very limited outline of

the history of electricity, from ancient times

down to the present, we will endeavor now to

uhi you an elementary notion of the science

as it stands to-day. To the common mind the

science is a blank page. So little is known of

it by the ordinary reader, who is fairly in-

telligent in other matters, that to account for

anything that we do not understand it is only

necessary to say that it is an electrical phe-
nomenon and he accepts it. Electricity is a

synonym for all that we cannot understand.

Inasmuch as magnetism is so closely related

to <!< ( trinity in its uses as related to every-day
.ve will carry the two subjects along to-

gether, as the one will to a large extent help
to explain the other. In our next chapter we
will look at the history of magnetism.



CHAPTER III.

HISTORY OF MAGNETISM.

It is said that the word magnetism is de-

rived from the name of a Greek shepherd,
called Magnes, who once observed on Mount
Ida the attractive properties of loadstone when

applied to his iron shepherd's crook. It is

more likely that the name came from Mag-
nesia, a country in Lydia, where it was first

discovered. It was also called Lapis Hera-

cleus. Heraclea was the capital of Magnesia.
Loadstone is a magnetic ore or oxide of iron

found in the natural state, and has at some
time by natural processes been rendered mag-
netic that is, given the power of attracting

iron, and, when suspended, of pointing to the

North and South Poles. The power of the

natural magnet was known at a very early age
in the history of man. It was referred to by
Homer, Pythagoras, and Aristotle. Pliny also

speaks of it, and refers to one Dinocares, who
recommended to Ptolemy Philadelphus to build

a temple at Alexandria and suspend in its

vault a statue of the queen by the attractive

power of " loadstones." There is also mention
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of a statue being suspended in like manner
in the temple of Serapis, Alexandria.

It is claimed that the Chinese knew of and
used the magnetic needle in the earliest times

and that travelers by land employed this

needle suspended by a string to guide them in

their journeys across the country a thousand

years before Christ. Notwithstanding the

claims of the Chinese and Arabians to the dis-

covery of the use of the magnetic needle,

modern authors question whether the ancients

were familiar with any artificial construction

of a magnetic needle, however much they may
have studied and used the loadstones. No
doubt the loadstone in its natural state was
used by mariners to steer their ships by, long
before its artificial counterpart was invented.

In a history of the discovery of Iceland, by Are
Frode, wLo was born in 1068, it is stated that

a mariner by name of Folke Gadenhalen sailed

from Norway in search of Iceland in the year
868, and that he carried with him three ravens
as guides, for he says,

"
in those times seamen

had no loadstone in the northern countries."

The magnetic needle as applied to the mari-

ner's compass was known in the eleventh cen-

tury, as proved by various authors. In an old

h poem, tlio manuscript of which still

. lli- iimrim-r's rumpii is clearly men-
1. Tin- Miit li..r was Guyot, of Provence,

who was alive in 1181.
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Like electricity, magnetism has had a long

history, but little use was made of it till

modern times beyond that of the mariner's

compass. It can readily be seen what an im-

portant factor it was in the science of naviga-
tion. Long after the discovery of the

mm pass needle there were many perplexing

problems arising, and all sorts of theories were

advanced to account for the various phe-
nomena. The variation of the needle was one

of these problems. It is said that Columbus
was the first to discover the variation of the

needle, as well as America. This is disputed,

however, as every man's pretensions usually
are. However this may be, Columbus had to

invent some plausible theory to account for

tliis variation to prevent a mutiny amonp: his

rivw. They were very superstitious and

thought that they were sailing into a new
world where the laws of nature were different

from those of Spain. One phenomenon that

disturbed Columbus was the dip of the needle.

As we move in a northerly direction a mag-
netic needle dips, and it was the observation

of this phenomenon in different latitudes that

finally resulted in the invention of the dipping
needle. It is well known that one pole of a

magnetic needle points to the north and the

other to the south. In other words, what is

called the north pole of a needle points to

one of the magnetic poles of the earth which is
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in the direction of the north pole, though not

the same as the geographical pole. A dipping
needle revolves on an axis so that it can point
to any declination. If we should construct

one that is perfectly balanced, so as to lie in

a perfectly horizontal direction before it is

magnetized, it will dip in this latitude

downward toward the north after magneti-
zation. If we keep moving northward it will

continue to dip downward till we come to the

true magnetic pole, when what is called the

north pole of the needle will point directly

downward. If we go back to the equator the

needle will lie horizontally again. We call the

end of the needle that points to the north the

north pole. It is really the south pole, be-

cause unlike poles attract each other. If the

magnetic poles of the earth are at the north

and south geographical poles, the south pole
of the needle will point north. But it is less

confusing to call the end of the needle that

points north the north pole. The nomencla-

ture is purely arbitrary.

It \v;is not until it was learned that magnets
could be made by electricity that they became

Commercially important outside of their use

in navigation. The advent of electricity has

hronuht inagni-li-iii to the front as one of the

great factors in our modern civili/.at ion. And
we might say with e<|ii;d force that the dis-

covery of magnetism has brought electricity
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to the front. The truth is that they depend
upon each other. Electricity would be robbed
of a large part of its importance as a factor

in modern life if it were not for its relation to

magnetism. Even electric lighting would be

impossible, commercially, if it were not for the

part magnetism plays in the production of

electricity for this purpose. It could not be

successfully carried on with any battery but
the storage-battery, and the storage-battery is

dependent upon the dynamo, and the dynamo
is a magneto-electric machine. When we
come to analyze the relation between magnet-
ism and electricity we cannot separate them
without robbing each of a large part of its

usefulness. They are interdependent forces.

As in the case of electricity there have been

many theories regarding magnetism. One
philosopher in the old days accounts for the

variation of the compass-needle on the theory
that there are two globes, one revolving with-

in the other, and that any derangement of their

normal movements in relation to each other

affects the needle. Evidently there were
cranks in those days as well as now. Another

theory -of magnetism was that there were two
fluids a boreal and an austral one devel-

oping north polarity and the other south

polarity. In the next chapter the nature of

magnetism in the light of modern investiga-
tion will be discussed.



CHAPTER IV.

THKORY AND NATURE OF MAGNETISM.

Iron and steel have a peculiar property
called magnetism. It is an attraction in many
ways unlike the attraction of cohesion or the

attraction of gravitation. It is very certain

that magnetism is an inherent property of the

molecules of iron and steel, and, to a small

degree, other forms of matter. That is to

say, the molecules are little natural magnets
of themselves. It is as unnecessary to inquire

why they are magnets as it is to inquire why
the molecules of all ordinary substances pos-

sess the attraction of cohesion. The one is as

easy to explain as the other. People of all

ages have insisted upon making a greater

mystery of all electrical and magnetic phe-
nomena than they do of other natural forces.

Ampere's theory is that electric currents are

flowing around the molecules which render

them magnetic; but it is just as easy to suppose
that niMiriH-tism is an inherent quality of the

ulr. (Tin- word molecule is here used

as referring to tin- -nuill-st particle of iron.)

These little molecular magnets, so small

25
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that 100,000 million million million of them
can be put into a cubic inch of space, have

their attractions satisfied by forming into

little molecular rings, -with their unlike poles

together, so that when the iron is in a natural

or immagnetized condition it does not attract

other iron. If I should take a rhig of hard-

ened steel and cut it into two or more pieces

and magnetize them, each one of the pieces

would be an independent magnet. If now I

put them together in the form of a ring they
will cling together by their mutual attraction

for each other. Before I put them together
into a ring each piece would attract and adhere

to other pieces of iron or steel. But as soon

ns they are put together in the ring they are

satisfied with their own mutual attraction,

and the ring as a whole will not attract other

pieces of iron.

Suppose the pieces forming the ring it may
be only two, if you choose are as small as

the molecules we have described, the same

tiling would be true of them. Each molecular

ring would have its magnetic attractions satis-

fied and would not attract other molecules out-

side of its own little circle. When the iron

is in the neutral state it will not as a ma
tract another piece of iron, because the mil-

lions of little natural magnets of which it is

made up have their attractive force all turned

in upon themselves.
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Now, if we make a helix, or coil, of insulated

wire and put a piece of iron into it, and pass

a current of electricity through the helix, the

iron becomes a magnet. Why? Because the

electric current has the power to break up
molecular magnetic rings and turn all

their like poles in one direction, so that their

attractions are no longer satisfied among them-

selves, and with a combined effort they reach

outside and attract any piece of iron that is

within reach. In this state we say it is mag-
netized. Most people think that we have put

something into the iron, but we have not; we
have only developed and made active its in-

herent power. It must be kept in mind that

it takes power to develop this magnetic power
from its state of neutrality and that something
is never made from nothing. When this

power is developed it will do work in falling

hack to its natural state. The power is nat-

ural to the molecules of the metal. It is only

hcing exerted in a new direction. The millions

of little natural nagnets have been forced to

combine their attractions into one whole and
exert it on something outside of themselves.

They are under a strain in this condition, like

t bow, and there is a tendency to fly back
to tin- natural portion, and if it is soft iron

and not steel, they will fly hack as soon as the

power that wrcnclicd them apart and i^ holding
them apart is taken away. This power is the
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electric current. Now break the current, and

the little natural magnets, that have been so

ruthlessly torn from their home circle attach-

ments, fly back to them again with the speed

of lightning, and the iron rod as a whole is

no longer a magnet. The power to become so

under the electrical strain is in it still only

latent.

The kind of magnet that we have been

describing is called an electromagnet. It is

a magnet only so long as the electric current

is passing around it. There is anotlu-r kind

of magnet called a permanent magnet that wiU
remain a magnet after the current is taker,

away. The permanent magnet is made of

steel and hardened; then its poles are placed

to the poles of a powerful magnet, either elec-

tro or permanent, when its molecular rings

are wrenched apart and arraiiirrd in a polari/cd

position as heretofore described. Now take it

away from the magnet and it will be found to

retain its magnetism. The molecules tend tc

fly back the same as those of the soft iron, but

they cannot because hardened steel is so much
finer grained than soft iron, and the molecules

are so close together that they are held in'

position by a friction that is called its coercive

force. The soft iron is comparatively free

from this coercive force, because its molecules

are free to move on each other, so that when

they are wrenched out of their natural position
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they fly back by their own attractions as soon

as the force holding them apart is taken away.
The molecules of hardened steel are unable to

fly back, although they tend to do it just as

much as in the iron, and so it is called a per-

manent magnet. Its molecules also are under
a strain, like a bent bow. (The form of such

a magnet is usually that of a horse-shoe, or U.)
Let us use a homely illustration that may

help us to understand. Let ten boys represent

the molecules in a piece of iron. Let them

pair off into five pairs and each one clasp his

mate in his arms; each one, say, is exerting a

force of ten pounds, and it would require a

force of twenty pounds to pull any one of the

pairs apart. The five pairs are exerting a

force of one hundred pounds, but this force is

not felt outside of themselves. Now let them

unclasp themselves and take hold of a rope
that is tied to a post, and all pull with the

same force that they were using, to wit, ten

pounds each, and all pull in the same direc-

tion, and they would put a strain of one
(ni ud red pounds upon the post, the same power
that they \vcn- exerting upon themselves be-

fore they combined their efforts on something
onKiile df them-elves. So with the magnet.

ng MS the force of each molecule is wholly

spent upon it- ni-i^hlmr there U nothing left.

KteriOT DM. Uut as soon ;is they nil line

Up and pull conjointly in the .same direction
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their combined force is felt outside. The

analogy may not be perfect, but it will help

you to get a mental picture of what takes place

in iron when it is magnetized.
We have now described the magnet and the

inherent power residing in the molecular

structure of iron. It is this magic power

slumbering in its molecules and the ability of

the electric current to arouse them to action

at will and to hold them in action and at will

let them fly back to their normal position, that

gives to electricity and magnetism twin sis-

ters in nature's household their great value

as the servants of man. There would be no

virtue in winding up a weight if it could not

run down and do work in its fall. Simply

bending a bow would never send the arrow

flying over its course; it must be released as

well. The magnet could not accomplish the

great work it does if we could only charge it

and not have the ability to discharge it. With-

out this ability the electric motor would not

revolve, the electric light would not burn, the

click of the telegraph would not be heard, the

telephone would not talk, nor would the telau-

tograph write.

I have said that the permanent magnet
would hold its charge after once having been

magnetized. This is true only in a sense and

under favorable conditions. If made of the

best of steel for the purpose and hardened and
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tempered in just the right way, it will hold its

charge if it is given something to do. If a

piece of iron is placed across its poles it also

becomes a magnet and its molecules turn and
work in harmony with those of the mother

magnet. These magnetic lines of force reach

around in a circuit. Even before the iron, or
"
keeper," as it is called, is put across its

poles there are lines of force reaching around

through the air or ether from one pole to an-

othrr. (For a description of Ether see Chap.
V.) This is called the

"
field

"
of the magnet,

and when the iron is placed in this field the

lines of force pass through it in a closed cir-

cuit, and if the "keeper" is large enough to

take care of all the lines of force in the field

the magnet will not attract other bodies, be-

cause its attraction is satisfied, like its proto-

type in the molecular ring described above.

\\'c speak of lines of force, not that force ia

necessarily exerted in a bundle of lines but as

a convenient way of telling the strength of a

magnetic field. The practical limit of the

magnetization of soft iron (called saturation)
is 18,000 lines to the square centimeter. As
long as we give our magnet something to do,

up to the measure of its capacity, it will keep
up its power. We may make other magnets
with it, thousands, yea, millions of them, and
it not only does not lose its power but may be

even stronger for having done this work. If,
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however, we hang it up without its
"
keeper,"

and give it nothing to do, it gradually returns

to its natural condition in the home circle of

molecular rings. Little by little the coercive

force is overcome by the constant tendency of

the molecule to go back to its natural position

among its fellows.

The magnet furnishes many beautiful les-

sons, as indeed do all the natural phenomena.
Every man has within him a latent power that

needs only to be aroused and directed in the

right way to make his influence felt upon his

fellows. Like the magnet, the man who uses

his power to help his fellows up to the measure
of his limitations not only has been a bene-

factor to his race, but is himself a stronger
and better man for having done so. But,

again, like the magnet, if he allows these

God-given powers to lie still and rust for want
of legitimate use he gradually loses the power
he had and becomes simply a moving thing
without influence or use in a world in which
he vegetates. But let us leave philosophy and

go back to science.

One of the striking exhibitions of magnet-
ism is found in the earth. The earth itself is

a great magnet; and there is good reason for

believing that it is an electromagnet of great

power. The magnetic poles of the earth are

not exactly coincident with the geographical

poles, and they are not constant. There is a
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gradual deviation going on, but as it follows

a certain law mariners are able to tell just

what the deviation should be at a certain time.

The magnetic pole revolves around the polar

axis of the earth once in about 320 years. A
thermal current (one produced by heat) of

electricity seems to flow around the earth

caused by the irregularities of temperature at

the earth's surface, as the sun makes his daily

round. These earth currents vary at times,

and other phenomena are the occasion. This

will be discussed when we come to electric

storms.

The value of the earth's magnetism is seen

most in the science of navigation. A mag-
netic needle is only a slender permanent mag-
net suspended very delicately, and when not

under local influence it points north and south

on the magnetic axis. The law of its action

may be explained as follows: Take a straight
bar magnet of fairly good power and suspend
a magnetic needle over it. The needle will

arrange- iNolf parallel to tlio bar magnet. The
north polo of the needle will point toward the

south polo of the b:ir magnet.. Tn the presence
of tin magnet the needle is not affected by the

earth, hut yields to a superior force. If, how-
'lie bar magnet is taken out of the way

of the needle it will immediately arrange it-

self north :nid -nuth. Of eiirso if the earth's

magnetic axis changes the needle will vary
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with it. This variation is uniform and in nav-

igation is reduced to a science, so that the mari-

ner knows how much to allow for the varia-

tion. Columbus, as heretofore mentioned, was

supposed to have first noticed this varia-

tion and it made him trouble. He did not

know how to account for it, and as his crew

thought the laws of nature were changing be-

cause they were so far from home he saw the

necessity for some sort of explanation. So,

like the brave man that he was, he hatched up
a theory that satisfied the crew, and although
in the light of the closing years of the nine-

teenth century it was a questionable one, it

worked well enough in practice to serve his

purpose.
We have already stated that the earth was a

great magnet, and that probably it was an

electromagnet, caused by earth currents cir-

culating around the globe. You want to know
how the earth can be a magnet unless it has an
iron core like an electromagnet. Magnetism
or magnetic lines of force may be developed
without the presence of iron. When we pass
a current of electricity through a wire, mag-
netic lines of force are thrown out at right

angles with the direction of the current. This
will be fully explained further on. If we wind
the wire into a coil, or helix, these magnetic
lines are concentrated. If now we suspend
this helix, or, better, float it on water so that it
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can move freely, and pass a current of elec-

tricity through it, the helix will arrange itself

north and south the same as a magnetic needle.

Its attractive properties are feeble in com-

parison with that of the iron, but it obeys the

laws of a magnet. The earth is probably a

magnet of this kind, consisting mostly of lines

of force.

However, the iron in the earth is affected

magnetically, as we have evidence in the load-

stone. The earth has the power also to mag-
netize iron through the medium of its mag-
netic field, that reaches out in lines of force

from pole to pole like those of the artificial

magnet. If we hold a bar of iron in line with

the magnetic axis of the earth and dip it in

line with the dipping needle and then strike it

a few blows on the end, it will be found to be

feebly magnetic. The blows have partly
loosened the molecules and during the moment
that they unclasped themselves the earth's

magnetism has through its lines of force

caught them for a time and held them a little

out of their natural position as they are in a

state of rest. The peculiar changing light

that we sometimes see in the northern sky,

tluit is railed the Aurora Borealis (Northern
Li.L'lii ). is indirectly duo to intense magnetic
lines of force that radiate from the north mag-
netic polo of the earth. Those lines of force

are able to cause the rarified air molecules to
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become feebly incandescent, giving them tbe

appearance that we see in a tube that is a

partial vacuum when electricity is passed

through it. While these auroral displays may
be seen almost any night in the far north,

they vary greatly in their intensity, so it is

only once in a while that they are visible in

the temperate latitudes.

What are called magnetic storms occur

occasionally, and at such times the telegraph
service will sometimes be paralyzed on all the

east and west lines for many hours. Strong
earth-currents will flow east and west, and be so

powerful and so erratic that it is sometimes

impossible to use the telegraph. It sometimes

happens that the operators can throw off their

batteries and work on the earth-current alone.

Sometimes it is necessary to make a complete
metallic circuit to get away from the influence

of the earth in order to use the telegraph. Cur-

rents equal to the force of 2,000 cells of

ordinary battery have been developed some-

times in telegraph wires. This of course is a

mere fraction of what is passing through the

earth under the wire through which the cur-

rent flowed. On the 17th and 18th of Novem-
ber, 1882, a magnetic storm occurred that ex-

tended around the globe, as it was felt

wherever there were telegraph wires. These

magnetic storms are attended by brilliant dis-

plays of the aurora, and this fact strengthens
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the theory that the earth is a great electro-

magnet; for the stronger the electrical cur-

rent the more powerful we should expect the

magnetism to be, and this is shown by the

action of the magnetic needle at such times.

The stronger the magnet the more intense will

be the lines of force, and naturally the more in-

tense the light, if indeed these lines of force

are the cause of the light. There is evidently
some close relation between the two.

Another coincidence is that at the times of

these storms there is an unusual display of

sun-spots. These sun-spots seem to be great
holes that have been blown through the photo-

sphere of the sun. The photosphere is a great
luminous body of gaseous matter that is be-

lieved to envelop the sun, so that we do not see

the core of the sun unless it is when .we

look into one of these spots. In some way, evi-

dently, the sun affects the earth by radiating

magnetic lines of force which are cut by the

earth's revolution, and so creating currents of

electricity. The sun is the field-magnet, and
the earth is the revolving armature of nature's

great dynamo-electric machine. It would
seem that the radiant energy that comes out

through these spots or these holes in the sun's

envelop.', an- more potent to develop earth-

currents than the ordinary ray<; and so, when
l.rief while in the revolution of the earth

about the sun, these extra patent rays strike
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the earth, an unusual energy is developed, and

these unusual phenomena are the consequence.

These phenomena seem to occur periodically;

some years (about eleven) intervening.

All the forces and phenomena of nature are

thus seen to be in a state of unrest. And it is

to this unrest, which does not stop with visible

things, but pervades even the atoms of matter

throughout the universe, that we are indebted

for the ability to carry on all the activities of

life, and for life itself. For universal quiet

would mean universal death. The cyclone and

tornado that devastate and strike terror to a

whole region are only eccentricities of nature

when she is setting her house to rights. The

]il;iy of natural forces has disturbed her equi-

librium, and she is but making an effort to

restore it.



CHAPTER V.

THEORY OF ELECTRICITY.

In the series of chapters on Heat (Vol. II)

and in the chapter on Magnetism the word

molecule was frequently used synonymously
with atom. In chemistry a distinction is

made, and as we can better explain the theory,

at least, of electricity by keeping this distinc-

tion in mind we will refer to it here.

Tt has been stated that there are between

sixty and seventy elementary substances. An
elementary substance cannot be destroyed as

such. It can be united with other elements

and form chemieal compounds of almost end-

less variety. The small< ->t particle of an ele-

mentary substance is called in chemistry an

atom. The smallest particle of a compound
substance is called a molecule. The atom is

the unit of the element, and the molecule is

the unit of the compound as such. It follows,

then,,that there are as many different kinds of

atoms :i< there are elements, and as many
diiTerent kinds of molecules as there are com-

pound-. If the element- have a molecular

structure then two ,,r more atoms of the same
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kind must combine to make a molecule of an

elementary substance. Two atoms of hydro-

gen combine with one of oxygen to form one

molecule of water. It cannot exist as water in

any smaller quantity. If we subdivide it, it no

longer exists as water, but as the original gases
from which it was compounded.
We have shown in the series on Sound, Heat

and Light that they are all modes of motion.

Sound is transmitted in longitudinal waves

through air and other material substance as

vibration. Heat is a motion of the ultimate

particles or atoms of matter, and Light is a

motion of the luminiferous ether transmitted

in waves that are transverse. Electricity is

also undoubtedly a mode of motion related in

a peculiar way to the atoms of the conductor.

Notice that there is a difference between con-

duction and radiation. The former transmits

energy by a transference of motion from atom
to atom or molecule to molecule within the

body, while the latter does it by a vibration

of the ether outside as light, radiant heat,

and electromagnetic lines of force.

For the benefit of those persons who have

not read Vol. II, where the nature of ether

is discussed somewhat, let us refer to it

here, as it plays an important part in the ex-

planation of electrical phenomena. Ether is a

tenuous and highly elastic substance that tills

all interstellar and interatomic space. It has
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few of the qualities of ordinary matter. It is

continuous and has no molecular structure. It

offers no perceptible resistance, and the closest-

grained substances of ordinary matter are

more open to the ether than a coarse sieve is

to the finest flour. It fills all space, and, like

eternity, it has no limits. Some physicists

suppose and there is much plausibility in the

supposition that the ether is the one sub-

stance out of which all forms of matter come.
Tli at the atoms of matter are vortices or little

whirlpools in the ether; and that rigidity and
other qualities of matter all arise in the ether

from different degrees or kinds of motion.

Electricity is not a fluid, or any form of ma-
terial substance, but a form of energy. Energy
is expressed in different ways, and, while as

energy it is one and the same, we call it by
different names as heat energy, chemical

energy, electrical energy, and so on. They will

all do work, and in that respect are alike. One
difficulty in explaining electrical phenomena is

the nomenclature that the science is loaded

down with. All the old names were adopted
when electricity was regarded as a fluid, hence
tin- word "

current." It is spoken of as "flow-

ing
" when it does not flow any more than light

flows.

If a man wants to writo a treatise on elec-

tricity outsidt- of tin- IIMTC phenomena and

applications and wants to make a lar^e book



42 mature'e

of it, he would better tell what he does not

know about it, for in that way he can make a

volume of almost any size. But if he wants

to tell what it really is, and what he really

knows it is, a primer will be large enough.
This much we know that it is one of many
expressions of energy.

Chemistry teaches that heat is directly re-

lated to the atoms of matter. Atoms of dif-

ferent substances differ greatly in weight. For

instance, the hydrogen atom is the unit of

atomic weight, because it is the lightest of all

of them. Taking the hydrogen atom as the

unit, in round numbers the iron atom weighs
as much as 56 atoms of hydrogen, copper a

little over 63, silver 108, gold 197. Heat acts

upon matter according to the number of atoms
in a given space, and not as its weight. Know-
ing the relative weights of the atoms of the

different metals named, it would be possible
to determine by weight the dimensions of

different pieces of metal so that they will con-

tain an equal number of atoms. If we take

pieces of iron, copper, silver and gold, each of

such weight as that all the pieces will contain

the same number of atoms, and subject them
to heat till all are raised to the same temper-
ature, it will be found that they have all ab-,
sorbed practically the same quantity of heat

without regard to the different weights of mat-
ter. It will be observed that the piece of sil-
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ver, for instance, will have to weigh nearly
twice as much as the iron in order to contain

the same number of atoms, but it will absorb

the same amount of heat as the piece of iron

containing the same number of atoms, if both

are raised to the same temperature. In view

of the above fact it seems that heat acts es-

pecially upon the atoms of matter and is a

peculiar form of atomic motion. Heat is one

kind of motion of the atoms, while electricity

may be another form of motion of the same.

The two motions may be carried on together.

The earth has a compound motion. It re-

volves upon its axis once in twenty-four hours,
and it also revolves around the sun once each

year. So you see that there are different kinds

of motion that may be communicated to the

same body all producing different results.

The motion of the individual atom as heat

may be, and is, as rapid as light itself when
the temperature is sufficiently high, but it does

not travel along a conductor rapidly as the

electro-atomic motion will. If we apply heat

to the end of a metal rod it will travel slowly

along the rod. But if we make the rod a con-

ductor of electricity it travels from atom to

atom with a speed nearer that of the light ray
through the ether. Some modern writers have

attempted to explain all the phenomena of

electricity as having their origin in a certain

>f forces upon tin < -thcr, and there is no
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doubt but that the ether plays an important

part in all electrical phenomena as a medium

through which energy is transferred; but

ether-waves that are set in motion by the elec-

trical excitation of ordinary matter are no

more electricity than the ether-waves set up

by the sun in the cold regions of space are heat.

They become heat only when they strike mat-

ter. Heat, as such, begins and ends in matter ;

so (I believe) does electricity.

Do not be discouraged with these feeble at-

tempts to explain the theory of electricity. All

I even hope to do is to establish in your minds

this fundamental thought, to wit, that there is

really but one Energy, and that it is always

expressed by some form of motion or the abil-

ity to create motion. Motions differ, and

hence are called by different names.

If I should set an emery-wheel to revolving

and hold a piece of steel against it the piece

of steel would become heated and incandescent

particles would fly off, making a brilliant dis-

play of fireworks. The heat that has been de-

veloped is the measure of the mechanical

energy that I have used against the emery-
wheel. Now, let us substitute for the emery-
wheel another wheel of the same size made of

vulcanized rubber, glass or resin. I set it to

revolving at the same speed, and instead of

the piece of steel, I now hold a silk handker-

chief or a catskin against the wheel with the
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same force that I did the steel. If now I

provide a Leyden jar and some points to

gather up the electricity that will be produced
(instead of the heat generated in the other

. it would be found that the energy de-

veloped in the one case would exactly balance

that of the other, if it were all gathered up and

put into work. The electricity stored in tho

jar is in a state of strain, like a bent bow, and
will recoil, when it has a chance, with a power
commensurate with the time it has. been stor-

ing and the amount of energy used in pressing

against the wheel.

If now I connect my two hands, one with th(i

inside and the other with the outside of the

jar, this stored energy will strike me with a

force equal to all the energy I have previously

expanded in pressing against the wheel, minus
the lss in heat. If I did it for a long enough
time this electrical spring would be wound up
to such a tension that the recoil would destroy
life if one put himself in the path of its dis-

charge. If all the heat in the first case were

gathered up and made to bend a stiff spring,
and one should put him-elf in its way when

1. this mechanical spring would strike

with th<- <ame power that the electrical spring
did when the Leyden jar was discharged.
Tlii- statement assumes that all the energy in

the second experiment was stored as elec-

tricity in the jar. You will be able to see
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from the above illustration that heat, elec-

trical energy, and mechanical energy are really

the same. Then you ask, how do they differ?

Simply in their phenomena their outward

manifestations.

While there is much that we cannot know
about any of the phenomena of nature, it is

a great step in advance if we can establish a

close relationship between them. It helps to

free electricity from many vagaries that exist

in the minds of most people regarding it;

vagaries that in ignorant minds amount to

superstition. While it possesses wonderful

powers, they give it attributes that it does not

possess. Not long ago a favorite headline of

the medical electrician's advertisement was
"
Electricity Is Life," and it was a common

thing to see street-venders dealing out this
"
life

"
in shocking quantities to the innocent

multitudes ten cents' worth in as many
seconds.

Science divides electricity into two kinds

static and dynamic. Static comes from a

Greek word, meaning to stand, and refers to

electricity as a stationary charge. Dynamic is

from the Greek word meaning power, and refers

to electricity in motion. When Franklin made
his celebrated kite experiment, the electricity
came down the string, and from the key on
the end of the strinpr ho stored it in a Leyden
jar. While the electricity was moving down
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the string it was dynamic, but as soon as it

was stored in the Leyden jar it became static.

Current electricity is dynamic. A closed tele-

graphic circuit is charged dynamically, while

the prime conductor of a frictional electric ma-
chine is charged statically. The distinction

is arbitrary and in a sense a misnomer. When
we rub a piece of hard rubber with a cat-

skin it is statically charged because the sub-

stances are what are called non-conductors,
and the charge cannot be conducted readily

away. All substances are divided into two

classes, to wit, conductors or non-electrics, and
non-conductors or electrics, more commonly
called dielectrics. These, however, are relative

terms, as no substance is either a perfect con-

ductor or a perfect non-conductor.

The metals, beginning with silver as the

best, are conductors. Ebonite, paraffine, shel-

lac, etc., are insulators, or very poor conductors.

The best conductors offer some resistance to

the passage of the current and the best insu-

lators conduct to some extent. If we make a

comparison of electric conductors we find that

the metals that conduct heat best also conduct

electricity best. This, it seems to me, is a con-

firmation of the atomic theory of electricity

so far as it means anything. If a good con-

ductor, as silver, is subjected to intense cold

by putting it into liquid air, its conductivity
is greatly increased. It is well known that
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heating a conductor ordinarily diminishes its

power to conduct electricity. This shows that,

in order that electrical motion of the atom

:,nay have free play, the heat motion must be

suppressed.



CHAPTER VL

ELECTRIC CURRENTS.

The simplest form of an electric machine is

one in which the operator is a prominent part
of the operation. Electricity, like magnetism,

operates in a closed circuit, even when it is

static so-called. Take a stick of sealing-wax,

say, in your left hand, and rub it with a piece

of fur or silk with your right hand, and you
have the simplest form of electric machine
the one that was known to the ancients, and
the one from which the science, great as it is

to-day, had its beginnings. The stick of seal-

ing-wax is one element of the battery, and the

piece of fur or silk is the other, while your
hands, arm and body form the conductor that

connects the two poles, and the friction is the

exciting agent and may be said to take the

place of the fluid of a battery. The electrical

conditions are not wholly static, as a slow cur-

rent is passing around through your arms and

body from one pole to the other. Even if the

conditions were wholly static there would be

polarised lim-s of force, in a state of strain,

reaching around in a closed circuit.

49
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If we rub the wax with the fur and then

take it away the wax has a charge of electricity

and will attract light objects. Ifwe had rubbed

a piece of metal or some good conductor it

would have been warmed instead of electrified.

In both cases the particles of the substances

have been affected, and if the atomic theory is

correct and it seems plausible in the former

case the atoms are partly put into electrical

motion and partly into a state of electrical

strain that we call static (standing) elec-

tricity; while in the latter case the atoms are

put into the peculiar motion that belongs to

heat. The former we call electricity, and the

latter we call heat. The electro-atomic motion

under some circumstances readily turns to

heat, which seems to be the tendency of all

forms of energy. The electric light is a result

of this tendency. All non-conductors, or elec-

trics, have a complex molecular structure, and,

while their atoms when subjected to friction

are put into a state of electrostatic strain, they

are not able readily to respond as a conductor

of dynamic electricity. The electric-light

filament in the incandescent lamp is a much

poorer conductor than the copper wire that

leads up to it. The copper wire is readily

responsive to the electrical influence, but the

carbon filament is not. So electrical action

that freely passes along the wire, is resisted

and becomes heat action in the filament, and
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light is the attendant of intense heat. But, to

go back to the sources of electricity.

Frictional electric machines have been con-

structed in great variety. All, however, em-

brace the essentials set forth in the sealing-

wax experiment, and would be difficult to

describe without cuts. Let us, therefore, con-

sider another source of electricity, which was

the outgrowth of the discovery of Galvani (or

rather his wife), and reduced to concrete form

by Volta. We refer to the galvanic or voltaic

battery. If we put a bar of zinc into a glass

vessel and pour sulphuric acid and water into

it, there will be a boiling, and an evolution of

hydrogen gas, and energy is released in the

f . inn of heat, so that the fluid and the glass ves-

sel become heated. Now let us put a bar of

copper or a stick of carbon into the glass, but

not in contact with tho zinc; connect the ends

(that are not immersed) of the two elements

copper and zino with a metal wire or any con-

ductor, and a new condition is set up. Heat is

7ii 1 Mirror evolved to the same extent, but most

of tli becomes electrical in character,

;m<1 an elect riral chain of action takes place in

the circuit that has now been formed. Taking
the zinc MS the starting point, tho so-csillrd

current flows from the /inc through tho fluid

to thr copper and from tho copper through the

wire to the zinc.

A chain of polarized atomic activity is es-



52 feature's /HMracleS.

tablished in the circuit, similar to the closed

circuit of magnetic lines of force, only the

latter is static, while the former is dynamic.
You ask what is the difference? Well, it is

much easier to ask a question than it is to

answer it. You will remember that in the

chapter on magnetism it was stated that the

molecules of a magnet were little natural mag-
nets, and that their attractions were satisfied

within themselves; that when their local at-

tachments were broken up and all their like

poles turned in one direction they could act

upon other pieces of iron outside of the mag-
net. Outside and between the poles there are

magnetic lines of force reaching out from one

pole to the other. If we put a piece of iron

across the poles these lines of force are

gathered up and pass through the iron. This
is purely a static condition. Let us go back to

the cell of battery. When the elements are in

position (the copper, the acidulated water and
the zinc), and the two wires attached to the

two metals which are the two poles of the bat-

tery not yet connected, there is a condition in-

duced in these two wires that did not exist be-

fore the acidulated water was poured in, al-

though the circuit is not yet established. If

we test the two wires we find a difference of po-
tential a state of strain, so to speak that did
not exist before the acid acted on the zinc and
liberated what was stored energy. It is in a
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static condition, like the magnet, and electrical

lines of force are reaching out from both wires

so that the ether is in a state of strain between

the two poles. The air molecules may partake
of it, but we have to bring in the ether as a

substance, because the same conditions would

practically exist if the two wires were in a

vacuum. If now we connect the two wires, we
have established a metallic circuit between the

two poles of the battery, the static conditions

are relieved, the lines of force are gathered

up into the wire, and the phenomenon that we
call a current is established and we have dy-

namic or moving electricity.

] laving established the so-called electric cur-

rent we will now try to show you that there

really is no current. The idea of a current in-

volves the idea of a fluid substance flowing from
one point to another. When you were a boy did

you never set up a row of bricks on their ends,

just far enough apart so that if you pushed
one over they all fell one after another ? Now,
imagine rows of molecules or atoms, and in

y..ur imagination they may be arranged like

the bricks, so that they are affected one by the

other successively with a rapidity that is akin
to that of light-waves, and you can conceive

how a motion may be communicated from end
to end of a wire hundreds of miles in length in

a small fraction of a second, and no material

has been carried through the wire
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only energy. We do not mean to say that the

row of bricks illustrates the exact mode of

molecular or atomic motion that takes place in

a conductor. What we mean is, that in some

way motion is passed along from atom to atom.

To give you a better conception of an elec-

tric current, let us go back of the galvanic cell

to the electric machine. If both poles of the

machine are attached to rods terminating in

round knobs we can set the machine in action

and keep up a steady stream of disruptive dis-

charges that will, if their frequency is great

enough, perform the function of a current, and

we have dynamic electricity from a statical

machine; when the acid of the galvanic bat u-ry

breaks down a molecule of zinc, energy is set

free, and in the battery we have what corre-

sponds to a disruptive discharge of infinites-

imal proportions. This discharge would have

been immediately converted into heat energy
if the copper element had been left out of the

battery, but as it is, it impresses itself on the

atomic "brick" next to it, which establishes

a chain of atomic movement throughout the

circuit. This may constitute, if you please, a

line of electrical force. But as thousands of

these disruptive discharges are taking place

simultaneously as many different lines of

force are established. You must not conceive

of these chains of atoms as simply thrown

down like the bricks and left lying there, but
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that the atom is active; that it has the power
to pick itself up again in an infinitesimally

short time and is again knocked down (fol-

lowing the illustration of the bricks) by the

next discharge along Its line or chain of atoms.

If you could get a mental picture of this

action you would see that the whole conductor

is in a most violent state of atomic motion of

a peculiar kind. At the same time a part of

this electrical motion is being converted into a

heat motion of the atoms, and finally it all re-

turns to heat unless some of it is stored up
somewhere as potential energy. If the current

has driven a motor that has wound up a weight,
a part is stored up in the weight, which has the

ability to do work if it is allowed to run down.

If it drives machinery as it runs down, the

mechanical motion is the expression of the

stored energy. When the weight has run down
the energy will be represented by the heat

rn-ated by friction of the journals of the

\vh< -els and pulleys and the heating of the air.

If the weight is allowed to fall suddenly it

will heat the air to some extent, but mostly the

earth and the weight itself will be heated. If

.)' energy (the battery) is groat and
the Mvssure high and the conductor is too

small to carry the energy developed in the bat-

tery as electricity, IK at i> developed, and if the

heat is sullieiently inten-e. light also.

We have ceen (Vol. II) that heat motion
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when it reaches a sufficiently high rate throws
the ether into a vibratory motion that we calJ

light. However, this vibratory motion of the

ether is set up long before it reaches the lumi-

nous stage ; in other words, there are dark ray?
of the ether. We find that the electro-atomic

motions of a conductor have the power to im"

press themselves upon the ether.

Let us try another experiment to show that

this is the case, not only, but that the im-

pressed ether can transfer these impressions to

still another conductor. Suppose we stretch

two parallel wires for, say, half a mile, or any
distance, only a few feet apart, and make of.

each a complete circuit by rounding the end
of the course and returning the wire to tho

starting point (as shown in Fig. 1). Put in

Fl
g'.

I

A 5

c PRIMARY LINE

c
A is the primary line; a, the hattery; 6. the key. B if

the secondary line in which is placed the galvanometer c.

one of these circuits a battery, and a circuit-

breaker (a common telegraph-key), and in the
other circuit a galvanometer (an instrument
for detecting the presence and measuring the

intensity of a galvanic current, by means of a
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dial and a deflecting needle or pointer). Now
if we touch the key and close the circuit in A,
the needle of the galvanometer in B will swing
in one direction from zero on the dial ; and if

we release the key, breaking the circuit in A,
the needle will swing back in the opposite
direction. In neither case will the needle stay

deflected, but will at once return to zero.

This shows that when the battery current

was allowed to complete its circuit through
wire A by closing its key, an electrical action

instantly felt in wire B, although there

was no material connection between them other

than the air, which is a non-conductor.

The current in the second circuit is called

an induced current. Why this current? Ac-

cording to one theory, when we close the pri-

mary circuit the surrounding ether is thrown
into a peculiar state of strain that we will call

magnetic or electrical lines of force. When
the ether wave strikes the second wire there is

a molecular movement from a state of rest to a

state of static strain. During the time that

the molecules are moving from the normal to

the strained position in sympathy with the

ether we have the condition of a dynamic cur-

rent, \vhii-h lasts only a moment. This state of
strain <-,ntinues till the circuit is opened
(breaking the win-line), when all the elec-

trie.il lines of force vanish and the molecular
strain of the second wire is relieved, and we
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again have the conditions, momentarily, for a

current of the opposite polarity, and the needle

will swing in the opposite direction because

the molecules or atoms have, in their recoil to

the natural state, moved in an opposite direc-

tion.

Going back to Fig. 1, let us further study
the phenomena under other conditions. In
our first circuit (A) there is a battery and a

circuit-breaker, which is a common telegraph-

key. Now close the key so that a current will

be established. (Remember that "current" is

only a name for a condition of dynamic
charge.) Place a piece of soft iron across the

wire at right angles with the direction of the

wire, when of course it will be at right angles
with the direction of the current, and you will

find now that the iron is more or less mag-
netic, depending upon the amount of current

passing through the wire. If we wind a num-
ber of turns of insulated wire through which
the current is passing around the iron the

magnetism will be increased. In practice
there are a certain number of turns and a cer-

tain sized wire that will give the best results

with a given number of cells of battery (or a

given voltage or pressure), operating in a

closed circuit of a given resistance. All these

questions are worked out mathematically in

many standard books on the subject. It is not

the intention in these talks to develop the
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science mathematically but to set out the

fundamental physical facts and applications of

electricity.

Under the conditions above named magnet-
ism is developed in the soft iron bar. If we

open the key the current will cease and the

magnetism will vanish that is to say, the

molecules will turn back to their neutral

position by their own attractions, as has been

described in a previous chapter. Magnetism
developed in this way is called electromag-
netism. (See Chap. IV.) If we use a piece
of hardened steel instead of the soft iron it

will become magnetic and remain so when the

circuit is opened, because the natural tendency
of the molecules to turn back to the neutral

position is not great enough to overcome the

coercive force, or molecular friction, of hard-

em d steel, as has been also described in a

previous chapter. To make the best electro-

magnet we need qualities of iron just the op-

posite from those of the permanent magnet.
For the former we need the purest of soft iron,

well annealed (heated to redness and slowly
1, making it less brittle), so that its mole-

ml.-s are free to turn; while for the latter we
need hardened steel, so that when the mole-
c\\\i-< are once wrenched into the magnetic
rendition tlicy rannot, of themselves, turn
back to tin- neutral state. The great value of

<-tromagnct lies in its ability to readily
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discharge, or go back to the neutral state,

when the current is broken.

Let us now go back to the beginning of our

experiment. When we closed the key and es-

tablished the current through the wire we
found that a piece of iron held at right angles

to the wire, although not touching it, became

magnetic. We have already said that when
the circuit was open, the battery being in cir-

cuit, there were electrical lines of force es-

tablished in the ether, between the two poles

of the battery, and that they were gathered up
into the conducting wire when the circuit was

closed. We now find that there are other lines

of force of a different nature established in

the ether when the circuit is closed. These wo
call magnetic lines of force, or the magnetic;

field of the charged wire, and they are estab-

lished at right angles to the direction of the

current. These magnetic lines of force acting

through the ether from an electrically charged
conductor are able to break up the natural

molecular magnetic rings, referred to in Chap-
ter IV, and turn all their like poles in the

same direction thus making one compound
magnet of the iron which in the neutral

state consisted of millions of little natural

magnets whose attractions were satisfied by a

joining of their unlike poles.

Most writers account for all of the phe-
nomena of induced currents in a second wire
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as coming directly from these magnetic lines

of force developed upon closing the circuit.

So much for theory based upon a set of

facts that make the theory seem probable. If

you don't like it give us a better one. If it is

correct the writer claims no credit; it is

merely a compilation of suggestions from

many sources, including his own experience.
We are simply seeking after truth. The man
who is an earnest seeker after scientific truth

cannot afford to pursue his investigations with

any prejudice in favor of one theory more
than another, unless the facts sustain him,
and then he is not acting from prejudice, but

is led by the facts. Many people make pets of

their theories; and they become attached to

them as they do their children; and they look

upon a man who destroys them by a presenta-
tion of the facts as an enemy. I once knew
a lady who became so attached to her family
doctor that, she said, she would rather die

under his treatment, if necessary, than to be
run -d by any other doctor. There are many
people who are imbued with this kind of spirit

not only in matters scientific, but in matters

religious as well. Such people are not the

kind who contribute to the world's progress,
but are the hindrances that have to be over-

come.



CHAPTER VII.

ELECTRIC GENERATORS.

Of the sources of electricity we have men-
tioned two: Friction, and Galvanism or chem-
ical action. There are hundreds of forms of

the latter species of apparatus for generating
electrical energy, so we will mention only a

few of the more prominent ones. It is not our

intention to go into the chemistry of batteries.

There are too many exhaustive works on this

subject lying on the shelves of libraries that

are accessible to all. All galvanic batteries act

on one general principle the generation of

electricity by the chemical action of acid on
metal plates; but the chemistry of their

action is very different. In all batteries the

potential energy of one element is greater
than the other. The acid of the battery dis-

solves the element of greater potentiality, and
its energy is freed and under right conditions

takes on the form of electricity. The poten-
tial of zinc, for instance, is greater than that

of copper, and the measure of the difference

is called the " electromotive force," the unit

of which is the
"
volt." Electromotive force is

62
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another name for pressure; the symbol for

which is E. M. F.

If we were to put two zinc plates in the

hatu-ry fluid and connect them in the ordinary

way there would be no electricity evolved (as-

suming that they were perfectly homoge-
neous), because they are both of the same po-

tential, or have the same possible amount of

stored electrical energy measured by its work-

ing power. If one of the zinc plates were softer

than the other, a feeble current would be de-

veloped, for one would be more readily acted

upon by the acids than the other. The bat-

tery that has been most used in America for

telegraphic purposes is called the gravity-bat-

tery. It is constructed by putting a copper

pinto in some form at the bottom of a jar,

usually of glass, and filling it partly full of the

crystals of sulphate of copper, commonly called
"
bluestone." Zinc, usually cast in some open

form, so as to expose a large surface to the

solution, is suspended in the upper part of the

jar, which is then filled with water till it

covers the zinc. The zinc is the positive
im-t.-il. lut it i> called the negative pole. The
energy developed by the zincpasses from zinc to

copper and out on the circuit from the copper

pole. Hence the copper came to be called the
v<- p.lr. although in relation to zinc it is

negative. Copper would, however, be positive
to some other metal whose potential was less.



64 future's

So you see that metals are relative, not abso-

lute, in their character as positive and negative
elements.

The galvanic battery has been almost en-

tirely superseded in this country for tele-

graphic purposes by the dynamo, a machine

developing electrical currents by mechanical

power. Another form of battery that is ex-

tensively used for some kinds of heavy current

work is called the storage-battery. The man
who did the most, perhaps, to bring the storage-

battery to its present state of perfection was

Plante, a Frenchman, who died only a short

time ago. Although very many types of bat-

tery hare been developed, it is found that,

after all, the lines on \\hirh he developed it

make the most efficient battery. There is a

common notion that electricity is stored in the

storage-battery. Energy is stored, that will

produce electricity when it is set free, just the

same as energy is stored in zinc. The storage-

battery, when ready for action, is one form of

acid or primary battery. It has been made by
passing a current of electricity through it un-

til the chemical relations of the two lead

plates have been changed so that the potential
of one is greater than that of the other. A
simple storage-battery element is made up of

two plates of lead held out of contact with

each .other by some insulating substance the

same as the elements of an ordinary battery.
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The cell is filled with dilute sulphuric acid,

and there will be no electrical action till the

cell has been charged by running a current of

electricity through it and forming a lead oxide

on one plate. Now, take off the charging bat-

ti TV and connect the two poles, and elec-

tricity will flow until the oxide nas partly

changed back into spongy metallic lead, when
it must be renewed by recharging.

I remember perfectly well the first galvanic

battery I ever saw, for it was of my own con-

struction. It is now nearly fifty years ago,

and yet it seems but yesterday such is the

flight of time. I related to you in another

chapter how I made a voltaic battery or pile,

as it was called by cutting up my mother's

boiler and her stove-zinc, and the domestic in-

cident that followed. Well, a little later I

made a real galvanic battery as follows : I lived

in the country and far from town or city, and

my facilities were extremely limited, so that I

pursued my scientific investigations under

great difficulties. My only text-book was an

old Comstock's Philosophy. In the book was

a crude cut of a Morse register and a short

d.-criptinii of it< , mstruction, including the

ry. I determined to make a register, and

I did. It was all constructed of wood except

the magnet and its ami at ure and the emboss-

.'.int. which hitler was made of the end of

a nail. The thing that seemed out of reach
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was the electromagnet. I had no money; and
there was no one that believed I could do it, and
if I could " what good would come of it ?" I

made friends with a blacksmith by keeping
flies off a horse while he nailed the shoes on,

and "
blowing the bellows

" and occasionally

using the "
sledge

"
for him. When I thought

the obligation had accumulated a sufficient
"
voltage

"
(to express it electrically) I com-

municated to the blacksmith the situation and
what I wanted.

The good-natured old fellow was not long in

bending up a U magnet of soft iron and forg-

ing out an armature. The next step was to

wind the U with insulated wire. The only

thing that I had ever seen of the kind was an
iron wire called " bonnet " wire that was wrap-
ped with cotton thread. This, however, was
not available, so I captured a piece of brass

bell-wire and wound strips of cotton cloth

around it for insulation and in that way
completed the magnet.
Now everything was ready but the battery.

I wrnt at its construction witlj a feeling al-

most akin to awe, for I could not believe that

it would do as described in the book. I pro-
< 'u red L candy-jar from the grocer and found
some pieces of sheet zinc and copper. These I

rolled together into loose spirals and placed
one inside the other so that they would not

touch, when I was ready for the solution. The
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druggist trusted me for a half pound of " blue

vitriol," and I put it into my battery and filled

it with water. I waited awhile for it to dis-

solve, end then connected my magnet in cir-

cuit, when to my astonishment and delight
it would lift a pound or more. It was a great

triumph. I never have had one since that

^avi me the same satisfaction. But I had my
triumph all to myself. I was still the same
" tinker" (a name I had long carried), and a

nuisance to be endured but not encouraged.
The dynamo is the form of generator now in

general use where heavy currents of electricity

are needed. It is aptly described by a writer

in Modern Machinery, Mr. John A. Grier, as

a thing that when "
at rest is a lifeless piece

of mechanism ; in action it has a living spirit

as full of mystery as the soul of man." This
is a poetic way of describing it that conveys to

the mind a sense of the power and beauty of

natural law in action, that would not come
from a mere recital of the cold scientific facts.

The facts, however, are necessary: but let us

draw from them all the poetry and all the

practical lessons that we can as we go along;
for it is tliis Mending of the poetic with the

practical thai lends a charm to our every-day
"jrrind," and lightens the load of many a

weary hour.

The dynamo is a machine that converts

mechanical into electrical energy, and tin-
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great practical value of energy in this form is

that it can be distributed through a conductor

economically for many miles. We can trans-

mit mechanical power by means of a rope or

cable for a limited distance, but at tremendous

loss through friction. We can transmit power
through pipes by compressed air or steam, but

there is a great loss, especially in the case of

nteam, by condensation from cold. None of

Ihese methods are available for long distances.

Another advantage electricity has over other

forms of energy is the speed with which it

can be transmitted from one place to another.

In this respect it has no rival except light.

But we have not been able to harness light and
make it available to carry either freight or

news, except in the latter case for a short dis-

tance by flashing it in agreed signals.

The heliostat can be used when the sun
shines to transmit news by flashes of sunlight

chopped up into the Morse code and thrown
from point to point by a moving mirror. But
this is limited as to distance; besides, the sun
does not always shine. It has the disadvantage
in thatrespect that the old semaphore-telegraph
did that was in use in Wellington's day. These

semaphores were constructed in various ways,
but a common form was that of moving arms
that could be seen from hill to hill or point to

point. By a code of moving signals news was

repeated from point to point and it can be



Electric Generators. 69

easily imagined that many mistakes occurred,

to say nothing of the time it required for rep-

etition. When the battle of Waterloo was

fought so the story goes news was sent to

England by means of the semaphore-telegraph.
The dispatch read, "Wellington defeated

At that point in the message a thick fog came

up and lasted for three days, so that no further

news could be sent or received. In the tele-

graphic parlance of to-day the line was
" busted." For three long days all London
was in deep mourning, when finally the. fog

lifted, which repaired the telegraphic line, and
the balance of the dispatch was received
"
th French at Waterloo." Mourning changed

to rejoicing and the English have rejoiced

ever since when they think of either Welling-
ton or Waterloo.

But to return to the dynamo. The name
dynamo is an abbreviation for dynamo-elec-
tric machine. A machine for producing dy-
namic electricity. There are many forms of

the dynamo, just as there are in the evolution

of every important machine, and there will be

many more. Hut the fundamental, under-

lying principle of iln-m all is contained in an

experiment made by Faraday. Faraday took

the soft iron "
keeper

" of a permanent magnet
and wound in-ulated wire around it and
hroiiirht the two -nd- of tin- wire close to-

gether. He n-.-w placed the keeper, with the
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wire wound around it, across the poles of the

permanent magnet, and wrenched it away sud-

denly, when he observed a spark pass between

the ends of the wires. This would occur when
he approached the poles as well as when he

took it away. He discovered that the currents

were momentary and occurred at the moment
of approach or recession, and that the cur-

rents developed by the approach were of op-

posite polarity to those occurring at the reces-

sion. When the "
keeper

" was put on the

poles of the magnet it was magnetized by hav-

ing its molecular rings broken up and the

poles of the little natural magnets all turned

in one direction. During the time that the

molecules of the keeper are changing they are

in a dynamic or moving condition. By some

mysterious action of the ether between the

iron and the wire wrapped around it there is

a corresponding molecular action in the wire

that is dynamic for a moment only, and dur-

ina that moment we have the phenomenon of

an rlectric current. When the magnet and
soft iron are separated this molecular state of

strain is relieved and the molecules of both the

iron and the wire wound about it return to

normal, and in the act of returning we have
a dynamic or moving condition, resulting in a

current, only in the opposite direction. (See

Chap. VI.)
Now mount the permanent magnet in a
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frame and mount the soft iron with the wire

on it (which in this shape is an electromagnet)
on a revolving arm and so set it on the arm
that its ends will come close to, but not touch,

the poles of the permanent magnet. Now re-

volve the arm, and every time the electromag-
net or keeper approaches the permanent mag-
net a current of one polarity will be momen-

tarily developed in the wire of the electromag-

net, which is moving. When it is opposite
the poles, it has reached the maximum charge

and, new, as it passes on it discharges and a

current of the opposite polarity is developed in

the wire. The more rapidly we revolve the

arm the more voltage (electrical pressure) the

current it develops will have.

It will be plain to all that we might make
the electromagnet stationary and revolve the

permanent magnet and get the same result. If

the permanent magnet were strong enough
and the electromagnet the right size as to iron,

windings, etc., and we revolve the arm with

sufficient rapidity, we could get an alternating

current of electricity that would produce an
electric li^lit. I have not and cannot here give

you the construction of a modern alternating-
current dynamo. I have simply described tin-

simplest form of dynamo, ;m<l all of them oper-
ate upon the fundamental principle of a per-

it magnetic field ami an electromagnet,

moving in a certain relation to each other.
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The field may revolve or the electromagnet may
revolve, whichever is the most convenient to

construct. The field-magnet may be a per-

manent magnet or an electromagnet, made per-

manent during the operation of the dynamo by
a part of the current generated by the machine

being directed through a coil surrounding soft

iron; or the field-current may come from an
outside source. This is the kind of field-mag-

net universally used for dynamo work, as a

much stronger magnetism is developed in this

wa> than it is possible to obtain from any sys-

tem of permanent steel magnets.
The usual construction is to have a station-

ary field-magnet and then a series of electro-

magnets mounted and revolving upon a shaft

in the center of the magnetic field. The rotat-

ing part is called the armature, and is so

wound with insulated wire that successive in-

duced currents are created in the armature

windings and discharged through brushes

which rest on revolving segments that connect
with the armature wi in I ings. These induced
currents succeed each other with such rapidity
as to amount in practice to a steady current.

However, the separate pulsations are easily

heard in any telephone when the circuit is

near to that of a dynamo circuit. The dy-
namo current is not nearly so steady as the

battery current, although both are probably
made up of separate discharges. In the dy-
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namo there is a discharge every time the elec-

tromagnet of the armature cuts through the

lines of force of the magnetic field, and in the

galvanic battery every time a molecule is

broken up and its little measure of energy is

set free. In the dynamo the pulsations are

so far apart as to make a musical tone of not

very high pitch, but in the galvanic battery
the pitch of the tone, if there is one, would re-

quire a special ear to hear it one tuned, it

may be, up near the rate of light vibration.

There are two types of dynamo, one generat-

ing a direct and the other an alternating cur-

rent. (By alternating we mean first a positive
and then a negative current impulse.) We can-

not enter into a technical description of the

dynamo in a popular treatise such as this.

The dynamo has evolved from the germ dis-

covered by Faraday, till to-day it is a machine,
the construction of which requires the high-
est .-lass of engineering skill. When in action

it seems like a great living presence, scatter-

ing its energy in every direction in a way
that is at once a marvel and a blessing to man-
kind. But we must not give all the credit

t<> the dynamo. As the moon shines with a

reflected light, so the dynamo gives ofT energy

t)J a power delegated to it hy tin- steam-engine
that rotates it. and the steam-engine owes its

life to the burning coal, and the burning coal

\B only giving up an energy that was
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ages ago by the magic of the sunbeam; and

the sun ? Well, we are getting close on to

the borders of theology, and being only scien-

tists we had better stop with the sun.

Then- is still another way of generating

electricity besides those that \vc have named;
which arc friction, chemical action, and the

magneto-electric mode of generating a current.

Electricity may be p-nerated by heat. If wo

connect antimony and bismuth bars together

and apply heat at the junction of the metals

and then connect the free ends of the two bars

to a galvanometer, it will indicate a current.

These pairs can be multiplied, and in this way
increase the voltage or pressure, and, of course,

increase the current, if we assume that there

is resistance in the circuit to be overcome. If

there were absolutely no resistance in the cir-

cuit a condition we never find there would

be no advantage in adding on elements in

series.

Substances differ in their resistance to the

passage of electricity the less the resistance

the better the conductor. The German elec-

trician, G. S. Ohm (1789-1854), investigated

this and propounded a law upon which the

unit for resistances is based, and this unit

takes his name and is called the " ohm."

Any two metals having a difference of po-

tential will give the phenomena of thermo-

electricity. Antimony and bismuth having a
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great difference of potential are commonly
used. The use made of thermal currents is

chiefly for determining slight differences of

temperature. An apparatus called the thermo-

electric pile has been constructed out of a

great number of pairs of antimony and bis-

muth bars. This instrument in connection

with a galvanometer makes a most delicate

means of determining slight changes of

temperature. If one face of a thermopile is

exposed to a temperature greater than its own,
the needle will move in one direction; if to

a temperature lower than its own, the needle

will be deflected in the opposite direction. If

both faces of the pile are exposed to the same

changes of temperature simultaneously, of

course no electrical manifestations will occur.

The earth is undoubtedly a great thermal

battery that is kept in action by the constant

ehanges of temperature going on at the earth's

surface, caused by its rotation every twenty-
four hours on its axis. The sun, of course, is

at some point heating the earth, which at other

I
if lints is cooling, making a constant change
of potential between different points. If we

.1 metal ring at one point a current of

eli Ttriritv will flow around it especially if it

i'le of two <li <-imilar metals until the

heat is equally distributed throughout the ring.
wlu-n the Postal Telegraph

Company first began operations between New
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York and Chicago, the writer made obser-

vations twice a day for some time of the tem-

perature and direction of the earth-current.

The first two wires constructed gave only two
ohms resistance to the mile, which facilitated

the experiments. I found that in almost every
instance the current flowed from the point of

higher temperature to the lower. If the tem-

perature in New York were higher at the time
of observations than in Chicago the current

would flow westward, and if the conditions

were reversed the current would be reversed

also.



CHAPTER VIII.

ATMOSPHERIC ELECTRICITY.

Nature has another mode of generating elec-

tricity, called atmospheric." The normal con-

ditions of potential between the earth and the

upper atmosphere seem to be that the atmos-

phere is positively electrified and the earth

negatively. These conditions change, apv

parently from local causes, for short periods

during storms. In some way the sun's rays
have the power directly or indirectly to give
the globules of moisture in the air a potential
different from that of the earth.

In clear weather we find the air near to the-

earth in a neutral condition, but gradually as-

suming the condition of a positive charge as we
ascend ; so that the upper air and the earth are

oppositely charged like the two sides of a Ley-
<len jar or two leaves of a condenser. This
condition is intensified and localized when a

thunder-cloud passes over the earth. The
moisture globules have h< < -n chaired with po-

1 <nergy by the power of the sun's rays
when evaporation t<<>k place; hut in this state

the energy is neither heat nor electricity, but

77
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a state of strain like a bent bow or a wound-

up spring. When these moisture globules con-

dense into drops of water the potential energy
is set free and becomes active either as heat or

electricity. The cloud gathers up the energy
into a condensed form, and when the tension

gets too great a discharge takes place between

the cloud and the earth or from one cloud to

another, which to an extent equalizes the

energy.
In most cases of thunder and lightning it

is only a discharge from cloud to cloud un-

equally charged. This does not relieve the

tension between the earth and the cloud, but

distributes it over a larger area. The reason

for this constant electrical difference between

the earth and the upper regions of atmosphere
is not well understood, except that primarily it

is an effect of the sun's rays. Evaporation

may and probably does play a part, and tin-

same causes that give rise to the auroral dis-

play may contribute in some way to the same
result. Evaporation does not always take

place at the earth's surface. Cloud formations

may be evaporated in the upper air into in-

visible moisture spherules, and charged at the

time with potential energy. If we go up into

a high mountain when the conditions are right,

we can witness the effect of this condition of

electrical charge or strain between the upper
regions of the atmosphere and the earth, and



Stmospberic Electricity 79

the tendency to equalize the potentials between

the clouds and the earth. Often one's hair

will stand on end, not from fright, but from

electricity passing down from the upper re-

gions to the earth. When the tension is very

great a loud hissing sound as of many musical

tones of not very good quality may be heard,

and a brush or fine-pointed radiation of elec-

tricity may be seen from every point, even

from your finger-ends. The thunder is not

usually so loud on high mountains for two

reasons one because the air is rare, but the

chief reason is that the mountain acts as a

great lightning-rod and gradually discharges

the cloud or atmosphere, for often the phe-
nomena may occur when the sky is clear.

I remember being on top of what is called

the Mosquito Range, between Alma and Lead-

ville in Colorado, during the passage of a

thunder shower. There was no heavy thunder,
but a constant fusillade of snapping sounds, ac-

companied by flashes not very intense. I could

hocks, but not painfully. A part of

the time I was in the cloud and became for the

time being a veritable lightning-rod. After
the cloud passed it crawled down the mountain-
side as if clinging to it, all the time bombard-

Li witli little electric missiles. After the

cloud left the mountain and passed over
the valley I cmiM hear loud thunder, because
the charge would have to accumulate quite a
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quantity, so to speak, before it could discharge.

These heavy discharges when the cloud is some

; list mice from the earth would be dangerous to

life, while the light ones, when the cloud is

in contact with the earth, are not.

Many wonderful and destructive effects

come from these lightning discharges and

many lives are lost every year from this cause.

I do not suppose it is possible to be on one's

guard continually, but many lives are need-

lessly lost either from ignorance or careless-

ness. Although there is a just prejudice

against lightning-rods as ordinarily con-

structed, it is still just as possible to protect

your house and its inmates from the destroy-

ing effects of lightning as from rain. If, for

instance, we lived in metal houses that had

perfect contact all round them with moist

earth, or better, with a water-pipe that has a

large surface contact with the earth, the light-

ning would never hurt the house or the in-

mates. In such a case you simply carry the

surface of the earth to the top of your house,

electrically speaking, and neutralization takes

place there in case the lightning strikes the

house. A house that is heated with hot water

can easily be made lightning-proof by a little

work at the top and bottom of the heating sys-

tem. All the heavy metal of the house should

be a part of the lightning-rod. Points should

be erected at the chimneys, and if there is a
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metal roof they should be connected with it.

Then connect the roof with rods from several

points with the ground. Here is where most

rods fail. The ground connection is not

sufficient. The earth is a poor conductor, and

we have to make up by having a large metal

surface in contact with it. It is best to have

the rod connected with the water pipe, if there

is one, and have it connected with metal run-

ning all around the house as low down as the

bottom of the cellar, for sometimes there is an

upward stroke, and you never can tell where it

is coming up. If you have a heating system
it should be thoroughly grounded and the top

pipe connected with the rods at the chimneys.
These rods need not be insulated as is the

usual practice.

If you are outdoors during a thunder-storm
never get under a tree, but if you are twenty
or thirty feet away it may save your life, be-

cause, if it comes near enough to strike you,
it will probably take the tree in preference.
It seeks the earth by the easiest passage. An
oil-tank and a barn are dangerous places, if

the one has oil in it and the other is filled with

hay and grain. A column of gas is rising that

acts as a conductor for lightning. Of course
if the barn is properly protected with rods it

will be safe. Sometimes a cloud is so heavily
ehanr <] that the lightning comes down like an

avalanche, and in such a case the rods must
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have great capacity and be close together to

fully protect a building.

There is a popular notion that rods draw the

lightning and increase the damage rather than

otherwise. This is a mistake. Points will

draw off electricity from a charged body

silently. It would be possible to so protect a

district of any size in such a way that thunder

would never be heard within its boundaries if

we should erect rods enough and run them

high enough into the upper air. The points
if they were close enough together would

silently draw off the electricity from a cloud

as fast as it formed, and thus effectually pre-

vent any disruptive discharge from taking

place.



CHAPTER IX.

ELECTRICAL MEASUREMENT.

Having given a short account of some of the

sources of electricity, let us now proceed to

describe some of the practical uses to which
it is put, and at the same time describe the

operation of the appliances used. Before pro-

ceeding further, however, we ought to tell how
electricity is measured. We have pounds for

weight, feet and inches for lineal measure, and

pints, quarts, gallons, pecks and bushels for

liquid and dry measure, and we also have

ohms, volts, amperes and ampere-hours for

electricity.

When a current of electricity flows through
a conductor the conductor resists its flow more
or less according to the quality and size of the

conductor. Silver and copper are good con-

ductors. Silver is better than copper. Call-

ing silver 100, copper will be only 73. If we
have a mile of silver wire and a mile of iron

win- and \v:uit the in>n wire to carry as much
electricity as the silver and have the same bat-

tery for both, we will have to make the inm
over seven times as large. That is, the

83
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area of a cross-section of the iron wire must

be over seven times that of the silver wire.

But if we want to keep both wires the same

size and still force the same amount of cur-

rent through each we must increase the pres-

sure of the battery connected with the iron

wire. We measure this pressure by a unit

called the "volt," named for Volta, the in-

ventor or discoverer of the voltaic battery.

The volt is the unit of pressure or electro-

motive force. (In all these 1 cases a "unit" is

a certain amount or quantity as of resistance,

electromotive force, etc. fixed upon as a

standard for measuring other amounts of the

same kind.)

The iron wire offers a resistance that is

about seven times greater than silver to the

passage of the current. To illustrate by water

pressure: If we should have two columns of

water, and a hole at the bottom of each column,
one of them seven times larger than the other,

the water would run out much faster from the

larger hole if the columns were the same

height. Now, if we keep the column with the

larger hole at a fixed height a certain amount
of water will flow through per second. If we
raise the height of the column having the

small hole we shall reach a point after a time

when there will be as much water flow through
the small hole per second as there is flowing

through the large hole. This result has been
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accomplished by increasing the pressure. So,
we can accomplish a similar result in passing

electricity through an iron wire at the same
rate it flows through a silver wire of the same

size, by increasing the pressure, or electromo-

tive power; and this is called increasing the

voltage.

The quality of the iron wire that prevents
the same amount of current from flowing

through it as the silver is called its resistance.

The unit of resistance, as mentioned in the last

chapter, is called the ohm, and the more ohms
there are in a wire as compared with another,
the more volts we have to put into the battery
to get the same current.

The unit for measuring the current is called

the "ampere," named after the French elec-

trician, A. M. Ampere (1789-1836).

Now, to make practical application of these

units. The volt is the potential or pressure
of one cell of battery called a standard cell,

made in a certain way. The electromotive

force of one cell of a Daniell battery is about
one volt. One ohm is the resistance offered to

the passage of a current having one volt pres-
sure by a column of mercury one millimeter in

cross-section and 106.3 centimeters in length.

Ordinary iron telegraph-wire measures about
thirteen ohms to the mile. Now connect our
standard coll one volt through one ohm re-

sistance and we have a current of one amp*K-.
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Unit electromotive force (volt) through unit

resistance (ohm) gives unit of current (am-

pere). It is not the intention to treat the

subject mathematically, but I will give you a

simple formula for finding the amount of cur-

rent if you know the resistance and the volt-

age. The electromotive force divided by the
TJf

resistance gives the current. C= -5 or current
JK

(amperes) equals electromotive force (volts)

divided by the resistance (ohms).
But still further: One ampere of current

having one volt pressure will develop one watt

of power, which is equal to rir of a horse-

power. (The watt is named in honor of James

Watt, the Scottish inventor of the steam-en-

gine 1786-1813). In other words, 746 watts

equal one horse-power. By multiplying volts

and amperes together we get watts.

If we want to carry only a small current for

a long distance we do not need to use large

cells, but many of them. We increase the

pressure or voltage by increasing the number
of cells set up in series. If we have a wire of

given length and resistance and find we need

100 volts to force the right amount or strength

of current through it, and the electromotive

force of the cells we are using is one volt each,

it will require 100 cells. If we have a battery

that has an E. M. F. of two volts to the cell,

as the storage-battery has, fifty cells would
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answer. If we want a very strong current of

great volume, so to speak, for electric light or

power, and use a galvanic battery, we should

have to have cells of large surface and lower

resistance both inside and outside the cells.

When dynamos are used they are so con-

structed that a given number of revolutions

per minute will give the right voltage. In

fact, the dynamo has to be built for the amount
of current that must be delivered through a

given resistance. The same holds good for a

dynamo as for a galvanic battery. If any one

factor is fixed, we must adapt the others to

that one in order to get the result we want.

There are many other units, but to introduce

them here would only confuse the reader. The
advanced student is referred to the text-books.

With this much as a preliminary we are pre-

pared to take up the applications of electricity,

wlii eh to most people will be more interesting

than what has gone before.



CHAPTER X.

THE ELECTRIC TELEGRAPH.

In the year 1617 Strada, an Italian Jesuit,

proposed to telegraph news without wires by
means of two sympathetic needles made of

loadstone so balanced that when one was
turned the other would turn with it. Each
needle was to have a dial with the letters on it.

This would have been very nice if it had only

worked, but it was not based on any known
law of nature.

Many attempts at telegraphing with elec-

tricity were made by different people during
the eighteenth century. About 1748 Franklin

succeeded in firing spirits by means of a wire

across the Schuylkill River, using, as all the

other experimenters had done, frictional elec-

tricity. In 1753 an anonymous letter was writ-

ten to Scott's Magazine describing a method

by which it was possible to communicate at a

distance by electricity. The writer proposed
the use of a wire for each letter of the alpha-

bet, that should terminate in pith balls at the

receiving end, and under the balls were to be

strips of paper corresponding to the letters of
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the alphabet. The message was to be sent by
discharging static electricity through the wire

corresponding to the first letter of a word when
the paper would be attracted to the pith ball

and read by the observer. Then the wire cor-

responding to the second letter of the word was

to be charged in like manner, and so on till

the whole message was spelled out. This was
the first practical (i.e., possible) suggestion
for a telegraph. The writer also proposed to

have the wires strung on insulators, which was
reat advance over the other attempts.

The communication was anonymous, as no

doubt, like many others, the author feared the

ridicule of his neighbors. It requires a vast

amount of moral courage to stand up before

the world and openly advocate some new theory

that has never come within the experience of

any one before. It requires much now, but it

required more then; for a man in those days
would have been roasted for what in these days
he would be toasted. The rank and file of

humanity have been opposed to innovations in

all ages, but no progress could have been made
without innovations. There always has to be

a first time. Galileo is said to have been

forced to retract, on his knees, some theory
he advLnced about the motion of the earth, and
its relation to the sun and other heavenly
bodies. Notwithstanding this retraction tlio

seed-thought sown by Galileo took root in other
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minds, which led to the triumph of scientific

truth over religious fanaticism.

The writer in Scott's Magazine did not have

the opportunity to put his ideas into practice,

so the glory of the invention fell to others.

Such men as this unknown writer are made of

finer stuff, and they stand alone on the fron-

tier of progress. They do not fear the bullets

of an enemy half so much as the gibes of a

friend. Much of their work is done quietly

and without notice, and when something of

real importance is worked out theoretically

and experimentally, some one seizes upon it

and proclaims it from the housetops and at-

taches to it his name; but perhaps years sit'icr

the real inventor (the man who taught the so-

called inventor how to do it) is dead, some one

writes a book that reveals the truth, and then

the hero-loving people erect a monument to

his memory.
Such a man was our own Professor Joseph

Henry, so long the presiding genius at the

Smithsonian Institution at Washington. He
worked out all the problems of the present

American telegraphic system and demon-

strated it practically. Everything that made
the so-called Morse telegraph a success had

long before been described and demonstrated

by Henry. Yet with the modest grace that

was ingrained in the man he yielded all to the

one who was instrumental in constructing the
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first telegraph line between Baltimore and

Washington. Great credit is due to such men
as Morse and Cyrus W. Field neither of them

inventors, but promoters of great systems of

communication that are of unspeakable benefit

to mankind. Henry pointed out the way, and

Morse carried it into effect. Morse has had
no more credit than was due him, but has

Henry had as much as is due him? No
great invention was ever yet the work, wholly,

of one man. We Americans are too apt to for-

get this.

I shall always remember Henry as a most

unassuming, kindly, genial man, and I shall

never forget his kindness to me. In 1874 I

began my researches in telephony, having ap-

plied for a patent for an apparatus for trans-

mit ting musical tones telegraphically. This
consisted of a means of transmitting musical
tones through a wire and reproducing them on
a metal plate (stretched on the body of a violin

to give it resonance) by rubbing the plate with
the hand the latter being a part of the cir-

cuit. The examiner refused the application at

first on the ground that the inventor or

operator could not be a part of his machine.
I took my apparatus and went to Washington,
first calling upon Professor Henry, never hav-

Miet him In-fore. lie received me most
kindly, and allowed me to string wins from
room to room in tin- institute, and when he
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had witnessed the experiments he seemed as

delighted as a child. I now brought the pat-

ent office official over to the Smithsonian and
soon convinced him that the inventor could be

a part of his own machine.

The same year I went abroad, and Henry
gave me a letter to Tyndall. It was very for-

tunate for me that he did, for Tyndall was

very shy at first, and it was only Henry's
letter that gave me a hearing for a moment.
The history of the few days that followed this

first interview with Tyndall at the Royal In-

stitution would make very interesting reading,
if I felt at liberty to publish it. Suffice it to say
that he was convinced in a few minutes after

he had reached the experimental stage that not

all my work had been anticipated by Wheat-

stone, as he asserted before seeing the experi-
ments. Wheatstone had transmitted the tones

of a piano, mechanically, from one room to

another by a wooden rod placed upon the

sound-board and terminating in another room
in contact with another sound-board. But
this was very different from transmitting
musical tones and melodies from one city to

another through a wire, as I could do with my
electrotelephonic apparatus.

It is a curious fact that the world is divided

into two great classes, leaders and followers.

Or we might say, originators and copyists ; the

former division being very small, while the
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latter is very large. As late as 1820 the Euro-

pean philosophers were trying to construct a

telegraphic system based upon two ideas, an-

nounced a long time before, to wit, the use of

static or fractional electricity, and a wire for

every letter. It does not seem to have occurred

to any one to devise a cods consisting of

motions differently related as to time, and to

use simply one wire.

In 1819 Oersted discovered the effect of a

galvanic current on a magnetic needle, and

published a pamphlet concerning his discovery.
This stimulated others, and Ampere applied it

to the galvanometer the same year. Arago
applied it to soft iron, and here was the germ
of the electromagnet. We see that as far back
as 1820 we had the galvanic battery and the

electromagnet, the two great essentials of the

modern telegraph.

However, there remained another great dis-

covery to be made before these elements could

be utilized for telegraphic purposes. One cell

of battery was used, and the magnet was made
by winding one layer of wire spirally around
the iron, so that each spiral was out of touch
with its neighbor. Barlow of England, a Fel-

low of the Royal Society, tried th<> effect of a

rMirrent thnmirh a wire 200 feet l<mg, and
found tli;it tlie power wns so diminished that

he w;s discouraged. :md in a paper gave it as

his opinion that galvaui>ni w;is of no use for



94 nature's

telegraphing at a distance. This paper stim-

ulated others, and it was reserved for our own
Joseph Henry, already referred to, to show not

only how to construct a magnet for long-dis-
tance telegraphy, but also how to adapt the

battery to the distance. He showed us that

by insulating the wire and using several layers
of whirls, instead of one, and by using enough
cells of battery coupled up in series to get
more voltage, as we now express it, it was

possible to transmit signals to a distance. He
not only set forth the theory, but he con-

structed a line of bell-wire 1060 feet lon^r ;m<l

worked his magnet by making the armature
strike a bell for the signals, which is the basis

of the modern " sounder."

Nothing was needed but to construct a line

and devise a code to be read by sound, to have

practically our modern Morse telegraph. This
line Ww8 constructed in 1831. In 1835 Henry,
who was then at Princeton, constructed a line

and worked it as it is to-day worked, with a re-

lay and local circuit, so that at that period all

the problems had been worked out. But, like

the speaking-telephone in its early inception,
no one appreciated its real importance. II< nry
himself did not think it worth while to take

out a patent. Two years later the Secretary
of the Treasury sent out a circular letter of

inquiry to know if some system of telegraphic
communication could not be devised. The
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learned heads of the Franklin Institute of

Philadelphia, the oldest scientific society in

America, advised that a semaphore system be

established between New York and Washing-
ton, consisting of forty towers with swinging

arms, the same as used in the days of Welling-
ton. Among other replies to the circular letter

of the secretary was one from Samuel F. B.

Morse. Morse was not a scientist or even an

inventor, at least not at that time. He was an

artist of some note. In 1832, while crossing

the ocean, Morse, in connection with one Dr.

Jackson of Boston, devised a code of tele-

graphic signs intended to be used in a chem-

ical telegraph system.
Some years later Morse adapted Henry's

signal-instrument to a recorder, called the

Morse register, and this was the instrument

used in the early days of the Morse telegraph.

What Morse seems to have really invented

was the register, which made embossed marks
on a strip of paper, and the code of dots and

dashes representing letters, now known as the

Morse alphabet, although this latter is ques-
tioned. Morse took his apparatus to Wash-

n and exhibited it to tin- members of Con-

gress in the year 1838, but it was four years
before a bill was passed that enabled him to

try the experiment between Baltimore and

.Washington. We will let him describe in his
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own words the closing day of Congress. He
says:

" My bill had indeed passed the House of

Representatives and it was on the calendar of

the Senate, but the evening of the last day had
commenced with more than 100 bills to be con-

sidered and passed upon before mine could be

reached. Wearied out with the anxiety of

suspense, I consulted one of my senatorial

friends. He thought the chance of reaching
it to be so small that he advised me to consider

it as lost. In a state of mind which I must
leave you to imagine, I returned to my lodg-

ings to make preparations for returning home
the next day. My funds were reduced to the

fraction of a dollar. In the morning, as I was
about to sit down to breakfast, the servant an-

nounced that a young lady desired to see me
in the parlor. It was the daughter of my ex-

cellent friend and college classmate, the com-
missioner of patents, Henry L. Ellsworth.

She had called, she said, by her father's per-

mission, and in the exuberance of her own joy,

to announce to me the passage of my telegraph
bill at midnight, but a moment before the

Senate adjourned. This was the turning-point
of the telegraph invention in America. As
an appropriate acknowledgment of the young
lady's sympathy and kindness a sympathy
which only a woman can feel and express I

promised that the first dispatch by the first
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line of telegraph from Washington to Balti-

more should be indited by her; to which she

replied :
*

Remember, now, I shall hold you to

your word.' About a year from that time the

line was completed, and, everything being pre-

pared, I apprised my young friend of the fact.

A note from her inclosed this dispatch :

' What
hath God wrought ?

' These were the first

words that passed on the first completed line

in America."

The first telegraph-line in America was put
into operation in the spring of 1844 at the be-

ginning of Folk's administration. I remem-
ber as a boy having the two cities, Baltimore

and Washington, pointed out to me on the

map, and how the story of the telegraph im-

pressed me. Congress appropriated $30,000
for the construction of the line, and $8000 to

keep it running the first year. It was placed
under the control of the postmaster-general,
and the line was thrown open to the public.

The tariff was fixed at one cent for every four

words. It was open for business on April 1,

1844, and for the first few days the revenue

was exceedingly small. On the morning of tho

first day a gentleman came in and wanted to

"see it work." Tin- operator tol.l him that he
would be- glad to show it at the regular tariff

of one cent for four words. Tho gentleman
grew angry and said that lie was influential

with the administration, and that if he did not
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show him the working free of charge he would
see to it that he lost his job. His bluff did not

succeed. The operator referred him to the

postmaster-general, and thus the stormy inter-

view ended. No patrons came in for the next

three days, but a great number stood around

hoping to see the instrument start up, but no
one was willing to invest a cent probably
from fear of being laughed at.

On the fourth day the same gentleman who
had threatened the young man with dismissal

came back and invested a cent, and this was
the first and only revenue fcr four days. The

message that was sent only came to one-half

cent, but as the operator could not make
change the stranger laid down the cent and

departed. His name ought to be known to

fame as the first man patron of the telegraph.
The operation of the Morse telegraph is very

simple if we grant all that has gone before. All

that is needed is the wire, the battery, and the

key, as shown in Fig. 2 (page 99), and a relay
an extra electromagnet which receives the

electric current and by its means puts into or

out of action a small local battery on a short

circuit in which is placed the receiving or re-

cording apparatus. Thus we have a wire

starting from the earth in New York and pass-

ing through a battery, a key and a relay, and
thence to Boston on poles, with insulators on

which the wire is strung, and through another
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instrument, key and battery in Boston, the

same as at the New York end, and into the

Around, leaving the earth to complete one-half

of the circuit. When the keys at both ends are

closed the batteries are active and the arma-

tures or "
keepers

"
are attracted so that the

a mint ure levers rest on the forward stops.

(See diagram Fig. 2.) If either one of the

NCW HAVCM
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A gives a diagram view of a Morse telegraph-line with three

stations. B is the battery; C C C, the transmitting keys in

the three offices; D D D, the relay magnets; E E E, the arma-
tures that are actuated by the magnets.

keys is opened the current stops flowing and

the magnetism vanishes from all the electro-

magnets on the line, and a spring or retractile

of some kind pulls the armatures away from
the magnets and the levers rest on their back

stops. In this way all the levers of all the

magnets are made to follow the motions of

any key. If there are moro than two magnets
in circuit (and there may be twenty or more)
they all respond in unison to the working of

one key, so that whrn :my on<- station is send-

ing a dispatch all the other stations get it.



100 nature's dBtracles.

But there is a "
call

"
for each office, so that

the operator only heeds the instrument when
he hears his own call. Operators become so ex-

pert in reading by sound that they may lie

down and sleep in the room, and, although the

instrument is rattling away all the time, he
does not hear it till his own call is made, when
he immediately awakes.

In the old days messages were received on

slips of paper by the Morse register by means
of dots and dashes. Gradually the operator
learned to read by sound, till now this mode
of receiving is almost universal the world
over. Reading by sound was of American

origin. It is a spoken lan^uairo, and when one
becomes accustomed to it it is like any other

language. This code language has some ad-

vantages over articulate speech, as well as

many disadvantages. A gentleman who was
connected with a Louisville telegraph office

told me that one of the best operators he ever

knew was as deaf as a post. He would receive

the message by holding his knee against the

leg of the table upon which the sounder was
mounted, and through the sense of feeling re-

ceive the long and short vibrations of the

table, and by this means read as well or better

than through the ear, because he was not dis-

tracted by other sounds.

A story is told of the late General Stager
that at one time he was on a train that was
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wrecked at some distance from any station.

He climbed a telegraph pole, cut the wire and

by alternately joining and separating the ends

sent a message, detailing the story of the

wreck, to headquarters, and asked for assist-

ance. He then held the two ends of the wire

on each side of his tongue and tasted out the

reply that help was coming. Any one who
has ever tasted a current knows that it is very

pronounced.
A story similar to this is told of the early

days when the Bain chemical system was used

between Washington City and some other

point. This system made marks on chemi-

cally-prepared paper; as the current passed

through it left marks on the paper from the

decomposition of the chemicals. Some of the

preparations emitted an odor during the time

that the current passed. The occurrence to

which we refer took place at presidential elec-

tion time. At some station out of Washing-
ton an operator was employed who had a blind

, and this sister knew the Morse alphabet
well before she became blind. One evening a

signal came to get ready for a message con-

taining the returns from the election. In the

hurry, and just as the message had started, the

lamp was upset and they were in total dark-

ness at least, the brother was. The sister,

poor girl, had been in darkness a long time.

The blind sister leaned over the stylus through
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which the current flowed to the paper and

smelled out as well as spelled out the message,

and repeated it to her astonished brother.

By the old semaphore system the motions

were sensed through the eye as well as the

early method of cable signaling. It will be

seen from the above that the Morse code may
be communicated through any one of the five



CHAPTER XI.

RECEIVING MESSAGES.

With but few exceptions the Morse code is

the one almost universally used the world

over. As it is used in Europe, it is slightly

changed from our American code, but they all

depend upon dots, dashes, and spaces, related

in different combinations, for the different let-

ters. Notwithstanding its universal use it is

not free from serious difficulties in transmis-

sion unless it is repeated back to the sender for

correction; and then in some cases it is im-

possible to be sure, owing to difficulties of

punctuation and capitalizing, and the further

difficulty of running the signals together,

caused, it may be, by faulty transmission, in-

s from other wires,
"
swinging

itmospheric electricity. Some-
times it is a psychological difficulty in the

mind of the receiving-operator. The telegraph

companies have to suffer damages from all

and many other unforeseen causes.

-i-nit t.-lN x.mc cnri'-ns tilings that hap-

pened in the early days, growing out of the

peculiarities of the -
( , , i\ in- ..JM rator. At

103
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one time he was reporting by telegraph one of

Webster's speeches made at Albany in 1852 in

which there were many pithy interrogative

sentences, and he was desirous of having the

interrogation-points appear. So to make sure,

whenever he wished an interrogation-point he
said "question" at the end of almost every
sentence. Next day he was horrified on read-

ing the speech to see the ends of the sentences

bristling with the word "question."
Some time back in the fifties a gentleman

in Boston telegraphed to a house in New York
to

" forward sample forks by express." The
message when received by the New York mer-
chant read: "Forward sample for K. S. by
express." The New York merchant did not
know who K. S. was, nor did he gather from
the dispatch what kind of sample he wanted.
So he went to the telegraph office to have the
matter cleared up. The Boston operator re-

peated the message, saying
"
sample forks."

" That's the way I received it and so delivered
it sample for K. S.," said New York. "

But,"
says Boston,

" I did not say for K. S. ; I said
f-o-r-k-s." New York had read it wrong in the
start and could not get it any other way.
" What a fool that Boston fellow is. He says
he did not say for K. S., but for K. S." Bos-
ton had to resort to the United States mail be-

fore the mystery was solved.

Curiously enough, the old method of record-
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ing the dots and dashes on the paper strip was

not so reliable as the present mode of reading

by sound. A man can put his individuality to

some extent into a sounder, and when one be-

comes used to his style it is much easier to

read him accurately by sound than by the paper

impressions. Some people never could learn

to read either by paper or sound. An instance

of this kind is given of a middle-aged man
who was employed by a railroad company as

depot master and telegraph operator, in the

old days of the paper strip. One day he

ru-hed out and hailed the conductor of a train

that had just pulled into the station, and told

him that train had broken both driving-
wheels and was badly smashed up. The con^

ductor could read the mystic symbols, so he

took the tape and deciphered the dispatch as

follows: "Ask the conductor of the Boston
train to examine carefully the connecting-rods
of both driving-wheels, and if not in good con-

dition to await orders." It is further related

of this same operator that when he got into

real difficulty with his
"
tape

" he used to run
over to the regular commercial office to have
his messages translated. One day he rushed

bifl neighbor's office trailing the tape be-

hind him nni] saying:
"
I am sure an awful ac-

eident h;i- happened by the way (he ni<

was rattled ofT." A playful d>g had l<>rn off a

large part of the >trip a- it trailed al:.
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only a part was left. It read,
" Good morning,

Uncle Ben. When are you
' The dog

had swallowed the balance of the dispatch.

Sometimes the Morse code is not only funny
but disastrous. A gentleman wanted to bor-

row money of some capitalists who, not know-

ing his financial standing, telegraphed to a

banker who they knew could post them. They
received an answer,

" Note good for large

amount." The gentleman borrowed a "
large

amount," but afterward when it came to be

investigated it was found that the dispatch

was originally written "
not," instead of

"note," \vhi-h made "all the difference in the

world."

It has been stated that any one of the five

senses may be called into service to interpret

the Morse code into words and ideas. A story

is told by Mr. Prescott that he says is true, as

he knew the party. A friend of his, by name

Langenzunge, who knew the Morse code, had

served under General Taylor (who at this time

was President) at Palo Alto, in Mexico. The

general had just promised him an office; soon

after he left Washington for the west over the

Baltimore and Ohio on a freight train; the

President was taken seriously ill, and his

friend hearing of it was troubled not only be-

cause he loved the old general, but on account

of the change in his own prospects. The train

stopped somewhere on the Potomac at mid-
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night and remained there for four hours. Un-
easy and sad, he wandered down the track and
climbed a pole, cut the wire and placed the

ends each side of his tongue and tasted out

the fatal message
" Died at half-past ten."

The shock (not the electric) was so great that

he almost fell from the pole.

What a situation! A man climbs a pole at

midnight miles from the sick friend he loves,

puts his tongue to inanimate wire, and ie told

in concrete language through the sense of

taste that his friend is dead. This is only
one of the many, many wonderful episodes of

the telegraph.
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MISCELLANEOUS METHODS.

"It never rains but it pours." Almost

simultaneously with the demonstration of the

Morse telegraph other types were devised.

There were the needle systems of Cooke and

Wheatstone, the chemical telegraph of Alex-

ander Bain, and soon the printing telegraph

of House, and later that of Hughes. The lat-

ter is in use on the continent of Europe, and
a modification of it has a very limited use on

some American lines. The Bain telegraph
used a key and battery the same as the Morse

system, but it did not depend upon electro-

magnetism as the Morse system does. When
in operation a strip of paper was made to move
under an iron stylus at the receiving-end of

the line. The paper was saturated with some
chemical that would discolor by the electro-

lytic action of the current. When a message
was sent the paper was set to moving by a

clock mechanism or otherwise, under the sty-

lus that was pressing on the paper as it passed

108
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over a metal roller or bed-plate. The trans-

mitting-operator worked his key precisely as

in sending an ordinary message by the Morse

system. The effect was to send currents

through the receiving-stylus chopped into long
or short marks, or the dots and dashes of the

Morse code, and recorded on the tape in marks
that were blue or brown, according to the

chemical used. A few lines were established

in this country on the Bain system, but it

never came into general use.

A number of systems, called
"
automatic,"

grew out of the Bain system. Bain himself

devised, perhaps, the first automatic telegraph.
The fundamental principle of all automatic

telegraphs depends upon the preparation of

the message before sending, and is usually

punched in a strip of paper and then run

through between rollers that allow the stylus
to ride on the paper and drop through the

holes that represent the dots and lines of the

Morse alphabet. Every time the stylus drops

through a hole in the paper it makes electrical

contact and sends a current, long or short, ac-

cording to the length of the hole. The object
of the automatic system was to send a large
amount of hu>ine through a single wire in a

short time. It does not save operators, as the

messages have to }>< prepared for transmission,
and then translated at the rereiv ing-end and

put into ordinary writing for delivery,
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The automatic system is not used except for

special purposes, and the one that seems to be

the most favored is that of Wheatstone. The

system is in use in England and in America to

a limited degree.

Early in the history of the telegraph a print-

injr system was devised. Wheatstone and
others had proposed systems of printing tele-

graphs in Europe, but taese never passed the

experimental stage. The first printing tele-

graph introduced in America was invented

by Royal E. House of Vermont, and first in-

troduced in 1847 on a line between Cincinnati

and Jeffcrsonville, a distance of 150 miles. In
1849 a line for commercial use was established

between New York and Philadelphia, and for

some years following many lines were equipped
with the House printing telegraph instrument.

The late General Anson Stager was a House
operator at one time. All printing telegraph

instruments, while differing greatly in detail,

have certain things in common, to wit: a
means for bringing the type into position, an

inking device, a printing mechanism, a paper
feed, and a means for bringing the type-wheels
into unison. There are two general types of

printing instruments, the step-by-step, and
the synchronously moving type-wheels. The
House printer was a step-by-step instrument
and consisted of two parts, a transmitter and
a receiver. The transmitter consists of a key-
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board like a piano, with twenty-eight keys.

These keys are held in position by springs,

ruder the keys is a cylinder having twenty-

eight pins on it corresponding to the twenty-

six letters of the alphabet and a dot and a

space. This cylinder was driven by some

power. In those days it was by man-power.
It was carried by a friction, so that it could

be easily stopped by the depression of any one

cf the keys that interfered with one of the

pins. One revolution of the cylinder would
break and close the current twenty-e"ight times,

making twenty-eight steps.

The receiving-instrument consisted of a

type-wheel and means for driving it. It was
somewhat complicated, and can only be de-

scribed in a general way. If the cylinder of

the transmitter was set to rotating it would
break and close twenty-eight times each revo-

lution. (There were fourteen closes and four-

teen breaks, each break and each close of

tho current representing a step.) The type-
wheel of the receiver was divided into twenty-

oight parts, having 1

twenty-six letters and a

d>t and space, each break moved it one step
and ear-h close a step; so that if the cylinder,
with its twenty-eight pins, started in unison

with the type-wheel, with its twenty-right let-

iiid <paee-, they would revolve in unison.

The 1 lettered, and if any one was de-

pressed the pin eom-ponding to it on the
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cylinder would strike it and stop the rotation

of the cylinder, which stopped the breaking
and closing of the circuit, which in turn

stopped the rotation of the type-wheel and

not only stopped it, but also put it in a posi- ;

tion so that the letter on the type-wheel corre-
'

spending to the letter on the key that was de-

pressed was opposite the printing mechanism.

The printing was done on a strip of paper,
which was carried forward one space each time

it printed. The printing mechanism was so ar-

ranged that so long as the wheel continued to

rotate it was held from printing", but the mo-
ment the type-wheel stopped it printed auto-

matically.
The messages were delivered on strips of

paper as they came from the machine.

In 1855 David E. Hughes of Kentucky pat-
ented a type-printing telegraph that employed
a different principle for rotating the type-
wheel. The electric current was used for

printing the letters and unifying the type-
wheels with the transmitting-apparatus. The
transmitter, cylinder, and the type-wheel re-

volved synchronously, or as nearly so as pos-

sible, and the printing was done without stop-

ping the type-wheel. Whenever a letter was

printed the type-wheel was corrected if there

was any lack of unison.

This type of machine in a greatly improved
form is still used on some of the Western
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Union lines, especially between New York,

Boston, Philadelphia, and Washington. It is

also in use in one of its forms in most of the

European countries.
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MULTIPLE TRANSMISSION.

Although the printing and automatic sys-

tems of telegraphing are used in America to

some extent, the larger part is done by the

Morse system of sound-reading and copying
from it, either by pen or the typewriter. In

the early days only one message could be sent

over one wire at the same time, but now from
four to six or even more messages may be sent

over the same wire simultaneously without

one message interfering with the other. Like
most other inventions, many inventors have
contributed to the development of multiple

transmission, till finally some one did the last

thing needed to make it a success. The first

attempts were in the line of double transmis-

sion, and many inventors abroad have worked
on this problem.
Moses G. Farmer of Salem, Mass., proposed

it as early as 1852, and patented it in 1858.

Gintl, Preece, Siemens and Halske and others

abroad had from time to time proposed dif-

ferent methods of double transmission, but no
one of them was a perfect success. When the

114
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line was very long there was a difficulty that

seemed insurmountable. In the common par-

lance of telegraphy, there was a " kick
"

in the

instrument that came in and mutilated the

signals. About 1872 Joseph B. Stearns of Bos-

ton made a certain application of what is

called a "condenser" to duplex telegraphy

that cured the
"
kick," and from that time to

this it has been a success. Farther along I will

tell you what occasioned this
" kick

" and how
it was cured. If this or some other method

could be applied as successfully to cure the

many chronic
" kickers

" in the world it would

be a great blessing to mankind.

It has always been a mystery to the un-

initiated how two messages could go in oppo-

site directions and not run into one another

Miid g-t wrecked by the way. If you will fol-

low me closely for a few minutes I will try to

tell you.
We have already stated that an electro-

magnet is made by winding ;ni insulated wire

a round a soft iron core. If we pass a current

of electricity through this wire the core be-

comes magnetic, and remains so as long as the

current passes around it. In duplex telegraphy

we use what is called a differential magnet.
A differential electromagnet is wound with

two insulated wires and so connected to the

battery that the current divides and i

around the iron rore in opposite directions.
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Now if an equal current is simultaneously

passed through each of the wires of the coil in

opposite directions the effect on the iron will

be nothing, because one current is trying to

develop a certain kind of polarity at each pole

of the magnet, while the current in the other

wire is trying to develop an opposite kind in

each pole. There is an equal struggle between

the two opposing forces, and the result is no

magnetism. This assumes that the two cur-

rents are exactly the same strength.

If we break the current in one of the coils

we immediately have magnetism in the iron;

or if we destroy the balance of the two cur-

rents by making one stronger than the other

we shall have magnetism of a strength that

measures the difference between the two.

Without specifically describing here the en*

tire mechanism since this is not a text-book

or a treatise we may say that a duplex tele-

graph-line is fitted with these differentially

wound electromagnets at every station. When
Station A (Fig. 3) is connected to the line

by the positive pole of its battery, Station B
will have its negative pole to line and its posi-

tive to earth. When A depresses his key to

send a message, half the current passes by one

set of coils around his differential magnet
through a short resistance-coil to the earth,

and the other half by the contrary coil around

the magnet to the line, and so to Station B.
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The divided current does not affect A's own

station, being neutralized by the differential

magnet, but it does affect B, whose instrument

responds and gives him the message.
Now B may at the same time send a message

to A by half of his own divided current from
his own end of the line.

The puzzle to most people is : How can the

500 MILES

Represents a duplex 500-mile telej?raph-Hne. A and B are
the two terminalnations; B B', the batteries; KK', the keys;
D D'. the small resistance -oils, -qual to the battery-resist
ance when the latter is not in circuit: R R , resistances each

equal to the 500-mile line; and C C', condensers Riving the
artificial lines B R' the same capacity as the 500-mile line.

signals pass each other in different directions

mi the same wire? But the signals do not have

to pass each other. Tn effect, they pass; but

in fact, it is like going round a circle the

earth forming half. A sends his message over

the line to B. "B sends his message to A
through the eartli and up A's ground-wire.
Tin- operative \vli -ling with positive

pole to line pushes his current through so to
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speak while the operative who is sending
with the negative pole to line pulls more cur-

rent in the same direction through the line

whenever he closes his key.

This may not be a strictly scientific state-

ment ; but, as long as we speak of a " cur-

rent
"

flowing from positive to negative poles

( which is the invariable course electricity

takes), it is the way to look at the matter un-

destandingly.
The short "

resistance-coil
"
at each end, for-

tified by a " condenser " made of many leaves

of isolated tin-foil, to give it capacity, offers

precisely the same resistance to the current as

the 500 miles of wire line; so that the twin

currents that run around the differential mag-
net exactly neutralize each other and make no

effect in the office the message starts from;
while one of them takes to the earth, and the

other to the line to carry the message.
This condenser is necessary, because the

short resistance-coil affects the current imme-

diately, while the long line with its greater
amount of metal does not give the same
amount of resistance till it is filled from end
to end, which requires a fraction of a second.

During this time, however, more current is

passing through the differential coil connected
with the line than through the short resist-

ance-coil; and the unequal flow causes the

relay armature to jump, or "
kick." The con-
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denser, with the many leaves of tin-foil, sup-

plies the greater metal surface to be traversed

liy the short line current, causes the flow to be

equal in both circuits at all times, and thus

cures the "kick." It is this quality of a con-

denser that enables us to give to an artificial

line of any resistance all the qualities, includ-

ing capacity, and exhibit all the phenomena
of a real line of any length, and it was this

quality that enabled Mr. Stearns to take the
" kick " out of duplex transmission and thus

change the whole system, which created a new
era in telegraphy.
We have just spoken of the "

capacity
" of a

circuit, and stated that it was determined by
the mass of metal used. This capacity is meas-

ured by a standard of capacity that is arbi-

trary and consists of a condenser, constructed

so that a given amount of surface of tin-foil

may be plugged in or out. The practical unit

"f capacity is called the micro-farad, the real

unit is the farad, and takes its name from

Faraday.
But let us go back to multiple systems of

transmission. There are many other systems
of Minultaneou> transmission aside from the

duplex, and all of them are classed under the

al head of multiple telegraphy. Fir-i

there is the quadruplex, that sends two mes-

sages each way simultaneously, making one

wire do the work of four single wires as
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they were used at first. The quadruplex is

very extensively used by the Western Union
Telegraph Company and others. It would be
difficult to explain it in a popular article, so

we will not attempt it. There is another form
of multiple telegraph that was used on the
Postal Telegraph line when it first started

which was invented and perfected by the
writer that can be more easily explained.
In 1874 I discovered a method of transmit-

ting musical tones telegraphically, and the

thing that set my mind in that direction was
a domestic incident. It is a curious fact that

most inventions have their beginnings in some
incident or observation that comes within the

experience of some one who is able to see and
interpret the meaning of such incidents or

observations. I do not mean to say that in-

ventions are usually the result of a happy
thought, or accident; the germ may be, but
the germ has to have the right kind of soil

to take root in and the right kind of culture

afterward. It is a rare thing that an inven-

tion, either of commercial or scientific im-

portance, ever comes to perfection without
hard work midnight oil and daylight toil;

and it is rarely, if ever, that a discovery or
an invention based upon a discovery does not

have, sooner or later, a practical use, although
we sometimes have to wait centuries to find it

put. We h^d to wait forty-four years after
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the galvanic battery was discovered before it

became a useful servant of man. It was fifty

years or more after the discovery by Faraday
of magneto-electricity before it found a use-

ful application beyond that of a mere toy, but

now it is one of the most useful servants we
have, as shown in its wonderful development
in electric lighting and electric railroads, to

say nothing of its heating qualities and the

useful purpose it serves in driving machinery.
The interesting discoveries of Professor

Crookes in p'assing a current of electricity

through tubes of high vacua waited many
years before they found a practical use in the

X-ray, that promises to be of great service in

medicine and surgery.
The transmission of musical harmonies

telegraphically, while in itself of great scien-

tific interest, was of no practical use, but it

led to other inventions, of which it is the base,

that are transcendently useful in every-day
life. The transmission of harmonic sounds

by. electricity underlies the principle of the

telephone. There is a vast difference, in prin-

ciple, between the transmission of simple

melody, which is a combination of musical

tones transmitted successively one tone fol-

lowing another- and tin- Inm-mission of har-

mony, which inv..lv- the Iran-minion of two
or UK. re tows siniult;uicou>ly. The former

can be transmitted by a make-and-break cur-
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rent. In the latter case one tone has to be

superposed upon another and must be trans-

mitted with a varying but a continuously
closed current. I make a distinction between

a closed circuit and a closed current. In the

case of the arc-light the circuit is open (that

is, broken), technically speaking, but the cur-

rent is still flowing. The reason why the

Reiss and other metallic contact telephone
transmitters cannot successfully be used for

telephone purposes is that metal points will

not allow of sufficient separation of the trans-

mitting points without breaking the current

as well as the circuit. Carbon contacts admit

of a much wider separation without actually

stopping the flow of the current, which latter

is a necessity for perfect telephonic transmis-

sion, and it was the use of carbon that made
that form of transmitter a success.

There are other forms, or at least one other

form that does not depend upon the length of

the voltaic arc formed when the electrodes are

separated. Of this we will speak another time.

Now let us go back to the domestic incident

referred to above.

One evening in the winter of 1873-4 I came
home from my laboratory work and went into

the bathroom to make my toilet for dinner. I

found my nephew, Mr. Charles S. Sheppard,
together with some of his playmates, taking
electrical

" shocks
" from a little medical in.-
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duction-coil that I heard humming in the

closet. He had one terminal of the coil con-

nected to the zinc lining of the bathtub

which was dry at that time while he held the

other in his left hand, and with his right was

taking shocks from the lining of the tub by

rubbing his hand against the zinc. I noticed

that each time he made contact with the tub,

as he rubbed it for a short distance, a peculiar

sound was emitted from under his hand, not

unlike the sound made by the electrotome

that was vibrating in the closet. My interest

was immediately aroused, and I took the elec-

trode out of his hand and for some time ex-

perimented with it, going to the cupboard from
time to time to change the rate of vibration of

the electrotome, and thus change the quality
of the sound. I noticed that the sound or tone

under my hand, if it could be so called,

changed with each change of the rate of vi-

bration. The thing that most interested me
was that the peculiar characteristics of the

noise were reproduced. In those few minutes
I laid out work enough for years of experi-

ment, and as a result I was late to dinner.

This discovery opened up to my mind the

possibility of three things the transmission

of music and of speech or articulate words

through a tolcgraph-wirr, and the transmis-
sion of n nuinlxT of messages over a single

I constructed a keyboard consisting of
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one octave and made a set of reeds tuned to

the notes of the scale, and then when some one
would play a melody I could reproduce it in

two ways : One by placing my body in the cir-

cuit and rubbing a metal plate it might be

the bottom of a tin pan, a joint of stovepipe or

otherwise anything that was metal and would
vibrate would give the effect. Another way
was to connect an electromagnet (having a

diaphragm or reed across its poles) in the cir-

cuit at the receiving-end and mount it on some
kind of a soundboard. I made a great num-
ber of different kinds of receivers that were

capable of receiving either musical or articu-

late sounds, as has many times been proven

by experiment. I carried two sets of experi-

ments along together; the one looking toward
a system of multiple telegraphy and the other

the transmission of articulate speech. Let us

first look into the multiple telegraph and take

the other up under the head of the telephone.
When the electrical keyboard was completed

I found that I could transmit not only a

melody but a harmony; that more than one
tone could be transmitted simultaneously.
This discovery opened up a long series of ex-

periments with the view of sending a num-
ber of messages simultaneously by means of

musical tones differing in pitch. I had already
demonstrated that several tones could be trans-

mitted at once, but they would speak all alike
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(with the same loudness) on the receiving-
instrument. I now went to work on an instru-

ment that responded for one note only and
succeeded beyond my expectations. I made
three different kinds of receiving-instruments.
The first was a steel strap about eight inches

long by three-eighths wide. This strap was
mounted in an iron frame in front of an elec-

tromagnet. A thumbscrew enabled me to

stretch the strap till it would vibrate at the

required pitch. If, for instance, the sending-
reed vibrated at the rate of 100 times per sec-

ond and the strap of the receiver was stretched

to a tension that would give 100 vibrations per
second when plucked, it would then respond
to the vibrations of the sending-reed but not
to those of another reed of a different rate of

vibration. If we take mounted tuning-forks
tuned in pairs of different pitches, say four

pairs, so that each fork has a mate that is in

exact accord with it, and place them all in the
same room, and sound one of them for a few
seconds and then stop it, upon examining the
other forks you will find all of them quiet ex-

eept the mate of the one that was sounded.
This one will be sounding. If we now sound
four of the forks and then stop them the
oth-r four will be sounding from sympathy
because the mate of each one of them has
Ix.'ii .-.mided. If only two forks differing
in pitch are sounded only two of the others
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will sound in sympathy. In the first case

only one set of sound-waves were set up
in the air, and the fork that found itself in

accord with this set responded. When four

forks differing in pitch were sounded there

were four sets of tone-waves superposed upon
each other existing in the air, so that each of

the remaining forks found a set of wavi-> in

sympathy with its own natural rate of vibra-

tion and so responded.
Now apply this principle to the harmonic

telegraph and you can understand its opera-
lion. At the transmit tinn'-i'iid of a line of

wire there are a certain number of forks or

reeds kept vibrating continuously. These
reeds each have a fixed rate of vibration and
bear a harmonic relation to each other so as

not to have sound-interference or "beats."

At the receiving-end of the line there are as

many electromagnets as there are transmit-

t ing-reeds, and each magnet has a reed cr

strap in front of it tuned to some one of the

transmitting-reeds, so that each transmitting-
reed has a mate in exact harmony with it at

the rec iving-end of the line. Keys are so ar-

ranged at the transmitting-end as to throw
the tones corresponding to them to line when
depressed. In other words, when the key be-

longing to battery B and vibrator 1 is de-

pressed (see Fig. 4) the effect is to send

electrical pulsations through the line corre-
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spending in rate per second to that of the

vibrator. The same is true of battery B'

and vibrator 2. During the time any key
is depressed we will say of tone No. 1

this tone will be transmitted through the

In this diagram, 1 and 2 are tuned reeds; 1A 2A are receivers
tuned to the reeds 1 and vJ respectively; 1 and IA are in uni-

son, also 3 and 2A, but. the two groups (the Is and the 2s) differ
from each other in pitch.

line and be reproduced by its mate the one

tuned in accord with it at the receiving-sta-
tion. By a succession of long and short tones

representing the Morse code a message can be

sent. Numbers two, three and four might be

sending at the same time, but they would not

interfere with number one or with each other.

In 1876-7 the writer succeeded in sending
fight simultaneous messages between New
Y<rk and Philadelphia by the harmonic

hod.

There were two ways of reading by the har-

Tiioi lie method. One was by the long and
short t ono-sounds and the other by the ordi-

nary sounder.
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The vibration of the receiving-reed was
made to open and close a local circuit like a

common Morse relay and thus operate the

sounder. It is useless to try to send a message
if the sender and receiver are out of tune with

each other in this system.
What is true in science is true in life. If

we are out of tune with our surroundings we
only beat the air, and our efforts are in vain.

We get no sympathetic response.



CHAPTER XIV.

WAY DUPLEX SYSTEM.

A novel form of double transmission wag
invented by the writer soon after the com-

pletion of the harmonic system, and was an

outgrowth of it. It is still in use on some of

the railroad-lines. An ordinary railroad tele-

graph-line has an instrument in circuit in

every office along the road, chiefly for purposes
of train-dispatching. As we have heretofore

explained, whenever any one office is sending,
the dispatch is heard in all of the offices. The

"Way duplex" system permits of the use of

tho line for through business simultaneously
with the operation of the local offices. That is

to say, any station along the line may be tele-

graphing with any other station by the ordi-

nary Morse method, and at the same time mes-

sages may be passing back and forth between

the two end offices.

This is accomplished by the following
method: At each end of the line there is a

tuned reed, such as we have described in our

last chapter, tli.it is kept constantly in vibra-

tion by a local battery during working hours.

129
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This vibrator is so arranged in relation to the

battery that whenever the key belonging to it

is depressed the current all through the line

is rendered vibratory. There is also in circuit

at each end of the line a harmonic relay, that

is tuned in accord with the vibrating reed of

the sender. If either key belonging to this

part of the system is opened, as in the act of

sending a message, these harmonic relays, be-

ing tuned in sympathy with the sending-vi-

brator, will respond, thus sending Morse char-

acters made up of a tone broken into dots and
dashes. This tone can be read directly from
the relay, or, as is usually the case, it causes

the sounder to operate in the common way.
You will at once inquire why the ordinary

Morse instruments in the local offices are not

affected by these vibratory signals, and also

why the harmonic instruments at the end of-

fice are not affected by the working of the

local offices. The local office does not open the

circuit entirely, but simply cuts out a resist-

ance by the operation of the special harmonic

key. When a resistance is thrown into an
electric circuit it weakens the current in pro-

portion to the amount of resistance interposed.
You will see that there is some current still

left in the line when the key is open, but the

spring of the relay at the local office is so ad-

justed as to pull the armatures away from the

magnets whenever the current is weakened by
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throwing in the resistance, so that by this

means an ordinary Morse telegraphic relay

may be worked without ever entirely opening
the circuit. In the Way duplex system there

is a resistance at each station that is cut in

and out by the operation of its key, which
causes all the instruments in the line to work

simultaneously except the two harmonic relays

located one at each end of the line. These will

not respond to anything but the vibratory sig-

nal.

In order to prevent the Morse relays at the

local offices from responding to the vibratory
current a condenser is connected around them.
Tin- condenser serves two purposes: It enables

the short impulses of the vibrating current to

pass around the relays without having to be

resisted by the coils of the magnets, and be-

tween the pulsations each condenser will dis-

charge through the relay at the local offices,

and thus fill in tho gap between the pulsations,

producing the effect on the relay of a steady
current. When a line is thus equipped it may
be treated in every respect as two separate

"f ili' ID doing way business and the

other through business. It is a curious blend-

ing of science and mech:ini-:n.

her interesting application was made
of the system of transmission by musical tones

by Edison, some years ago. We refer to the

transmission of messages to and from a mov-
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ing railroad-train with the head office at the

end of the line. In this case the message was
transmitted a part of the distance through the

air; another instance of wireless telegraphy.
The operation was as follows: One of the

wires strung on the poles nearest to the track

was fitted up with a vibrator and key at the

end of the line similar to that of the Way du-

plex just described. In one of the cars was
another battery, key and vibrator, and as only
one tone was used, no tone-selecting device or

harmonic relay was needed, but instead an or-

dinary receiving-telephone was used to read

the long and short sounds sent over the lines.

One end of the battery in the car was con-

nected through the wheels to the earth, while

the other end was connected to the metal roof

of the car. Being thus equipped, we will sup-

pose our train to be out on the road forty or

fifty miles from either end, of the line, moving
at the rate of forty miles an hour. The opera-
tor at Chicago, say, wishes to send a mos-auc
to the moving train; he operates his key in

the ordinary manner, which makes the current

on the line vibratory during the time the key
is depressed. These electrical vibrations cause

magnetic vibrations, or ether-waves, to radiate

in every direction from the wire, at right

angles to the direction of the current, like rays
of light. When they strike the roof of the

car they create electrical impulses in the metal
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by induction (described in Chap. VI). These

impulses pass through a telephone located in

the car to the ground. A Morse operator lis-

tening, with the telephone to his ear, will hear

the message through the medium of a musical

tone chopped up into the Morse code. In like

in (inner the operator in the car may transmit a

message to the roof of the car and thence

through the air to the wire, which will be

heard, by any one listening, in a telephone
which is connected in that circuit, and, as a

matter of fact, it will be heard from any wire

that may be strung on any of the poles on
either side of the road.

Some years ago an experiment of this kind
was made on one of the roads between Mil-

waukee and Chicago.
What wonderful things can be done with

electricity ! As a servant of man it is reliable

and accurate seeming almost to have the

qualities of docility when under intelligent

direction, that is in accord with the laws of

nature; but under other conditions it changes
from the willing servant to a hard master, hesi-

tating not to destroy life or property without

regard to persona or things.



CHAPTER XV.

TELEPHONY.

In the foregoing chapters I have described

the method of transmitting musical tones

telegraphically and its applications to mul-

tiple telegraphy, as well as to a mode of com-

municating with a moving railroad-train. As
I stated in a former chapter, after discovering
a method of transmitting harmony as well as

melody, I had in mind two lines of develop-

ment, one in the direction of multiple teleg-

raphy, and the other that of the transmission

of articulate speech. I will not attempt to

give the names of all the people who have con-

tributed to the development of the telephone

(as this alone would fill a volume) but only
describe my own share in the work leaving

history to give each one due credit for his

part. While I do not intend, here, to enter

into any controversy regarding the priority of

the invention of the telephone, I wish to say
that from the time I began my researches, in

the winter of 1873-4, until some time after I

had filed my specification for a speaking or

articulating telephone, in the winter of 1875-

134
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76, I had no idea that any one else had done
or was doing anything in this direction. I

wi>h to say further that if I had filed my de-

scription of a telephone as an application for

a patent instead of as a caveat, and had prose-

cuted it to a patent, without changing a word
in the specification as it stands to-day, I

should have been awarded the priority of in-

vention by the courts. I am borne out in this

ion by the highest legal authority. In

law, a caveat (Latin word, meaning
" Let him

beware") is a warning to other inventors, to

protect an incomplete invention; whereas in

fact the invention to be protected may be

complete. An application for a patent is pre-

sumed b:; the law to be for a completed in-

vention; but it may be, and very often is, in-

complete. It would often make a very great
difference if decisions were rendered according
t<> the facts in the case rather than according
to rules of law and practice, that sometimes

work great injustice to individuals.

A has been said in another chapter, in the

summer of 1874 I went to Knrope in the in-

of the telephone, taking my apparatus,
a- then developed, with me. 1 came home
curly in the fall ami resumed my experimen-
tal work. Many inter- well as amus-

ing things occurred during pcrimciiN.
I p th:it in the f;dl or early winter

of 1871 I u;t- in Milwaukee with my apparatus
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carrying on some experiments on a wire be-

tween Milwaukee and Chicago. I had my
musical transmitter along, and one evening,
for the entertainment of some friends at the

Newhall House, a wire was stretched across

the street from the telegraph office into one
of the rooms of the hotel. A great number of

tunes were played at the telegraph-office by
Mr. Goodridge, who was my assistant at that

1 me, which were transmitted across the street,

as before stated. In those days it was a com-
mon practice in trlcgraphy to use one battery
for a great number of lines. For instance,

starting with one ground-wire which con-

nected with, say, the negative pole of the bat-

tery, from the positive pole two, three or a

half-dozen lines might be connected, running
in various directions, connecting with the

ground at the further end, thus completing
their circuits. For use in transmitting tones

across the street that evening we connected

our line-wire on to the telegraph company's
battery, which consisted of 100 or more cells,

and which had four or five more lines. radiat-

ing from the end of the battery to different

parts of Wisconsin. Our line was tapped on
to the battery (without changing any of its

connections) twenty cells from the ground-
wire. In transmitting, each vibration would

momentarily shut off these twenty cells from
the lines that were connected with the whole
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battery. The effect of this (an effect that we
did not anticipate at the time) was to send a

vibratory current out on all the lines that

were connected with that single battery as

well as across the street. A great many famil-

iar tunes were played during the course of an
hour or two which, unconsciously for us, were

creating great consternation throughout the

State of Wisconsin, in many of the offices

through which these various lines passed.
Next morning reports and inquiries began

to come in from various towns and cities west,

northwest and north, giving details of the

phenomena that were noticed on the instru-

ments located in the various offices along the

lines. They reported their relays as singing

tunes; one party said he thought the instru-

ments were holding a prayer-meeting from the

fact that they seemed to be singing hymn-
tunes for quite a while, but this notion was

finally dissipated, because they grew hilarious

and sang
" Yankee Doodle."

One operator, up in the pine woods of

northern Wisconsin, did not seem to take the

ful view of it that some of the others

did. He was sitting alone in tin- telegraph-
office that evening when lie thought he heard
the notes of a Imdo in the distance; he got

up and went to the door to li-ten, hut muM
hear nothing; hut on <-,>niui'.r back into the

he heard the sain:- bugle notes very
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faintly. He was inclined to be somewhat

superstitious and grew very nervous; finally,

on looking around, he located the sound in his

relay, but this did not help matters with him.

With superstitious awe he listened to the in-

strument for a few moments while it gave out

the solemn tones of "Old Hundred," then it,

suddenly jumped into a hilarious rendering of
" Yankee Doodle." This was too much for our

nervous friend, and hastily putting on his

overcoat, he left the office for the night.

On another occasion, when I was giving a

lecture in one of the cities outside of Chicago,

where exhibitions of music transmitted from

Chicago were given, one of the operators

along the line was very much astonished by

his switchboard suddejily becoming musical.

Orders had been given for the instruments in

all the local offices to be cut out of the par-

ticular line that I was using. Hence the in-

strument in this particular office was not in

the circuit through which the tunes wen br-

ing transmitted. The wire, however, ran

through his switchboard, and owing probably
to a loose connection, or an induced effect,

there was a spark that leaped across a short

space at each electrical pulsation that passed

through the line, thus reproducing the notes

of the various tunes played.
You will remember in one of the chapters

on sound (Volume II.), it is stated that a
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musical tone is made up of a succession of

sounds repeated at equal intervals, and that

the pitch of the tone is determined by the num-
ber of sound-impulses per second. Applying
this law to the sparks, you will be able to see

how the switchboatd played tunes for the

operator.
In the foregoing experiments in transmit-

ting musical tones telegraphically, I used a

great many different varieties of receivers.

Some of them were designed with metal dia-

phragms mounted over single electromagnets,
not unlike the receiver of an ordinary tele-

phone. These instruments would both trans-

mit and receive articulate speech when placed
in circuit with the right amount of battery to

furnish the necessary magnetism. However,
they were not used in that way at the time

they were first made in 1874. These I called

common receivers, as they were designed to

reproduce all tones equally well. I designed
and constructed another form of receiver,
based somewhat upon the theory of the har-

monic telegraph.
This consisted of an electromagnet of con-

siderable size, mounted upon a wooden rod
about ten feet long. Mounted upon this rod
were also resonating boxes or tubes made of

wood of tin- right si/o in luivo ilioir air-cavi-

ties correspond with the various pitches of the

mitting-reeds, so that each tone would be
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re-enforced by some one of these air-cavities,

thus giving a louder and more resonant effect

to the musical notes.

Here were two types of receiver, one that

would receive one sound as well as another,
but none of them so loud, while the other was
constructed on the principle of selection and

re-enforcement, so that a particular note would
be sounded by the box having a cavity corre-

sponding to the pitch of the tone, and was
much louder and of much better quality than

I could get from the diaphragm receiver. One
of these receivers pointed to the harmonic

telegraph and the other to the speaking tele-

phone. I knew that I had a receiver that

would reproduce articulate speech or anything
else that could be transmitted.

My first conceptions of an articulate speech-
transmitter were somewhat complicated. I

conceived of a funnel made of thin metal hav-

ing a great number of little riders, insulated

from the funnel at one end and resting lightly

in contact with the funnel at the other end.

These riders were to be made of all sizes and

weights so as to be responsive to all rates of

vibration. In the light of the present day we
know that such an arrangement would have

transmitted articulate speech, but perhaps not

so well as a single point would do when prop-

erly adjusted. My mind clung to this idea

till in the fall of 1875, when an observation I
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made upon the street changed the whole course

of my thinking and solved the problem. The
incident I refer to took place in Milwaukee,
where I was then experimenting. One day
while out on an errand I noticed two boys with

fruit-cans in their hands having a thread at-

tached to the center of the bottom of each can

and stretched across the street, perhaps 100

feet apart. They were talking to each other,

the one holding his mouth to his can and the

other his ear. At that time I had not heard of

this
"
lovers' telegraph," although it was old.

It is said to have been used in China 2000

years ago.

The two boys seemed to be conversing in a

low tone with each other and my interest was

immediately aroused. I took the can out of

one of the boy's hands (rather rudely as I re-

member it now), and putting my ear to the

mouth of it I could hear the voice of the boy
across the street. I conversed with him a mo-

ment, then noticed how the cord was connected
nt the bottom of the two cans, when, suddenly,
tin- problem of electrical speech-transmission
was solved in my mind. I did not have an op-

portunity immediately to construct an instru-

ment, as I had a partner who was furnishing
money f.r tin- <li-ve1iiimicnt <>f the harmonic

i-aph and would not listen to any col-

il experiments. I remember sitting down
by this partner one day and telling him what I
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could do in the way of transmitting speech

through a wire. I told him I thought it would
be very valuable if worked out. He gave me a

look that I shall never forget, but he did not

say a word. The look conveyed more meaning
tluiii all the words he could have said, and I

did not dare broach the subject again.

However, as soon as I found opportunity,
without saying a word to anybody except my
patent lawyer, I filed a description, accom-

panied by drawings, of a speaking telephone
which stands in history to-day as the iirst

complete description on record of the opera-
tion of the speaking telephone. It described

an apparatus which, when constructed, worked
as described, and it is a matter of history that

the first articulate speech electrically trans-

mitted in this country was by a transmitter

constructed on the principle described, and al-

most identically after the drawings in my
caveat. While the transmitter described in

this caveat was not the best form, it would
transmit speech, and it contained the founda-

tion principle of all the telephone transmitters

in use to-day.

There are two methods of transmitting

speech. One is known as the magneto method
and the other that of varying the resistance of

the circuit. My first transmitter was devised

on the latter principle.
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I append to this extracts from my specifica-

tion filed Feb. 14, 1876:

To All Whom It May Concern : Be it known that I, Elisha

Gray of Chicago, in the County of Cook and State of Illinois,

have invented a new art of transmitting vocal sounds tele-

graphically, of which the following is a specification : It is

thr object of ray invention to transmit the tones of the hu-

man voice through a telegraphic circuit, and reproduce them
at the receiving-eud of the line, so that actual conversations

can be carried on by persons at long distances apart. I have
invented and patented methods of transmitting musical im-

pressions or sounds telegraphically, and my present inven-

tion is based upon a modification of the principle of said

invention, which is set forth and described in letters patent
of the United States, granted to me July 27, 1875, respectively
numbered 166,095 and 166,0%, and also in an application for

letters patent of the United States, filed by me, Feb. 23,

1875. * * * My present belief is that the most effective

method of providing an apparatus capable of responding to

the various tones of the human voice is a tympanum, drum,
or diaphragm, stretched across one end of the chamber, car-

rying an apparatus for producing fluctuations in the poten-
tial of the electric circuit and consequently varying in its

power. * * * The vibrations thus imparted are transmitted

through an electric circuit to the receiving-station, in which
circuit is included an electromagnet of ordinary construc-

tion, acting upon a diaphragm to which is attached a piece of
- !"; iron, and which diaphragm is stivtchrd across a receiv-

ing vocalizing chamber C, somewhat similar to the corres-

ponding vocalizing chamber A.

The diaphragm at the receiving-end of the line is thus

thrown into vibrations corresponding with those at the

transmitting-end, and audible sounds or words are produced.
The obvious practical application of my improvement will

be to enable persons at a distant- i<> ..nv.-rs.- \\ith each

hrough a telegraphic circuit. just as they now do iu

each other's presence, or through a speaking-tube.
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I claim as my invention the art of transmitting vocal

sounds or conversations telegraphically through an electric

circuit.

This specification was accompanied by cuts

of the transmitter and receiver connected by
a line-wire and showing one person talking to

the transmitter and another listening at the re-

ceiver. These cuts may be seen in various

books on the subject of telephony.



CHAPTER XVI.

HOW THE TELEPHONE TALKS.

Everybody knows what the telephone is be-

cause it is in almost every man's house. But
while everybody knows what it is, there are

very few (comparatively speaking) that know
how it works. If you remember what has been

said about sound and electromagnetism it will

not be hard to understand.

When any one utters a spoken word the air

is thrown into shivers or vibrations of a pecu-
liar form, and every different sound has a

different form. Therefore, every articulate

word differs from every other word, not only
as a shape in the air, but as a sensation in the

brain, where the air-vibrations have been con-

ducted through the organ of hearing; other-

wise we could not distinguish between one
word and another. Every different word pro-
duces a different sensation because there is a

physical difference, as a shape or motion, in

the air where it is uttered. If one word con-

1" ( >0 simultaneous air-motions and an-
other 1 ."><)() you can see that there is a physical
or mechanical difference in tin- air.

145
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The construction of the simplest form of

telephone is as follows: Take a piece of iron

rod one-half or three-quarters of an inch long
and one-quarter inch thick, and after putting
a spool-head on each end to hold the wire in

place wind it full of fine insulated copper
wire; fasten the end of this spool to the end
of a straight-bar permanent magnet. Then
put the whole into a suitable frame, and
mount a thin circular diaphragm (membrane
or plate) of iron or steel, held by its edges, so

that the free end of the spool will come near

to but not touch the center of the diaphragm.
This diaphragm must be held rigidly at the

edges.

Now if the two ends of the insulated copper
wires are brought out to suitable binding-
screws the instrument is done.

The permanent steel magnet serves a double

purpose. When the telephone was first used

commercially, the instrument now used as a

receiver was also used as a transmitter. As a

transmitter it is a dynamo-electric machine.

Every time the iron diaphragm is moved in

the magnetic field of the pole of the perma-
nent magnet, which in this case is the free end

of the spool (the iron of the spool being mag-
netic by contact with the permanent magnet),
there is a current set up in the wire wound on

the spool; a short impulse, lasting only as

long as the movement lasts. The intensity of
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the impulse will depend upon the amplitude
and quickness of the movement of the dia-

phragm. If there is a long movement there

will be a strong current and vice versa. If

a sound is uttered, and even if the multi-

tude of sounds that are required to form a

word, be spoken to the diaphragm, the latter

partakes in kind of the air-motions that strike

it. It swings or vibrates in the air, and if it

is a perfect diaphragm it moves exactly as the

air does, both as to amplitude and complexity
of movement. You will remember that in the

chapter on sound-quality (Vol. II) it was said

that there were hundreds and sometimes thou-

sands of superposed motions in the tones of

some voices that gave them the element we
call quality.

All these complex motions are communi-
eatc (] by the air to the diaphragm, and the

diaphragm sets up electric currents in the wire

wound on the spool, corresponding exactly in

number and form, so that the current is

molded exactly as the air-waves are. Now, if

we connect another telephone in the circuit,

and talk to one of them, the diaphragm of the

other will be vibrated by the electric current
and caused to move in sympathy with it

and make exactly the same motions relatively,

both as to number and amplitude.
It will le plain that if the receiving dia-

phragm is making the same motions as the
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transmitting diaphragm, it will put the air

in the same kind of motion that the air is in

at the transmitting end, and will produce the

same sensation when sensed by the brain

through the ear. If the air-motion is that of

any spoken word it will be the same at both

ends of the line, except that it will not be so

intense at the reeeivin^-eml ; it is the same

relatively. And this is how the telephone
talks.

I have said that the permanent magnet had
two functions. In the case of the transmitter

it is the medium through which mechanical

is converted into electrical energy. It corre-

sponds to the field-magnet of the dynamo,
while the diaphragm corresponds to the re-

volving armature, and the voice is the steam-

engine that drives it. In the second place, it

puts a tension on the diaphragm and also puts
the molecules of the iron core of the magnet
in a state of tension or magnetic strain, and
in that condition both the molecules and the

diaphragm are much more sensitive to the

electric impulses sent over the wire from the

transmitter. This fact was experimented

upon by the writer as far back as 1879 and

published in the Journal of the American
Electrical Society. At the present day this

form of telephone is used only as a receiver.

Transmitters have been made in a variety
of forms, but there are only two generic
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methods of transmission. One is the magneto
method the one we have described and the

other is effected by varying the resistance of

a battery current. The former will work with-

out a battery, as the voice acting on the wire

around the magnet through the diaphragm
creates the current; in the latter the current

is created by the battery but molded by the

voice. In the latter method the current passes

through carbon contacts that are moved by the

diaphragm. Carbon is the best substance, be-

cause it will bear a wider separation of con-

tact without actually breaking the current.

When carbon points are separated that have

an electric current passing through them, there

is an arc formed on the same principle as the

electric arc-light.

Great improvements in details have been

made in the telephone since its first use, but
no new principles have been discovered as ap-

plied to transmission.

\\V have spoken in another place regarding
the various claimants to the invention of the

telephone, but here is one that has been over-

looked. A young man from the country was
in a telegraph-office at one time and was left

alone while the operator went to dinner. Sud-
denlv the Bunder -tarted up and rattled away
at such a rate that the countryman thought

hin^ -hoiiM he dune. Ho leaned down
close to i h- iiMnnnent and shouted as loudly
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as possible these words :
" The operator has

gone to dinner." From what we know now
of the operation of the telephone I have no
doubt but that he transmitted his voice to

some extent over the wire. This young man's

claims have never been put forward before,

and we are doing him tardy justice. But his

claim is quite as good as many others set forth

by people who think they invent, whenever it

occurs to them that something new might pos-

sibly be done, if only somebody would do it.

And when that somebody does do it they lay

claim to it.

In the early days of the telephone it was not

supposed that a vocal message could be trans-

111 it ted to a very great distance. However, as

time went on and experiments were multiplied
the distance to which one could converse with

another through a wire kept on increasing.

In these days, as every one knows, it is a

daily occurrence that business men converse

with cadi other, telephonically, for a distance

of 1000 miles or more; in fact, it is possible
to transmit the voice through a single circuit

about as great a distance as it is possible to

practically telegraph. This leads us to speak
of another telegraphic apparatus which we
have not heretofore mentioned, and that is the

telegraphic repeater. It is a common notion

that messages are sent through a single cir-

cuit across the continent, but this is not the
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although the circuits are very much
r than they were some years ago. The

repeater is an instrument that repeats a mes-

automatically from one circuit to another.

For instance, if Chicago is sending a message
to New York through two circuits, the division

bring in Buffalo, the repeater will be located

at Buffalo and under the control of both the

operator at Chicago and the operator in New
York. When Chicago is sending, one part of

the repeater works in unison with the Chicago
key jind is the key to the New York circuit,

which begins at Buffalo. When New York is

sending the other part of the repeater operates,
whieh becomes a key which repeats the mes-

sage to the Chicago line. In this way the

practical result is the same as though the cir-

cuit were complete from New York to Chi-

cago. At the present day some of the copper
wires and perhaps some of the larger iron

are used direct from Chicago to New
York without repetition, but all messages be-

tween New York and San Francisco are auto-

mat ieally repeated at least twice and under
in renditions of weather oftener. I can

remember that in wet weather in the old days,
with sueh wires as they had then (being No.
i) mm with bad joints, whieh gave the circuit

a hi-li resistance) that the<e repeaters would
!" inserted at Toledo, Cleveland, Buffalo and

Albany in order to work from Chicago to New
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York. Under such conditions the transmis-

sion would necessarily be slow, because an
armature time will be lost at each repeater.

Regarding each repeater as a key, when Chi-

cago depresses his key the armature of the

next repeater must act, and then the next

successively, and all of this takes time, al-

though only a small fraction of a- second.

The repeater was a very delicate instrument

and had to be handled by a skilled operator.

Every wire must be in its place or the instru-

ment would fail to operate. I remember on

one occasion in Cleveland that along in the

middle of the night the repeater failed to

work. The operator knew nothing of the prin-

ciple of its operation, so that when it failed he
had to appeal to some of his superiors.
At this time there was no one in the office

who knew how to adjust it, so they had to

send up to the house of the superintendent and
arouse him from his sleep and bring him down
to the office. He looked under the table and
found that one of the wires had loosened from
its binding-post and was hanging down. He
said immediately,

" Here's the trouble ; I

should think you could have seen it yourself."

The operator replied,
" I did see that, but I

didn't think one wire would make any dif-

ference." He learned the lesson that all elec-

tricians have had to learn that even one wire

makes all the difference in the world. But
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this operator was no worse in that respect than

some of his superiors. One of the heads of the

Cleveland office at one time in the early days
wanted to give some directions to the office at

Buffalo. He told the operator at the key to

tell Buffalo so and so, when the operator re-

plied: "I can't do it; Buffalo has his key

open." The official immediately said with se-

verity :
"
Tell him to close it." He forgot that

it would be as difficult for him to tell him to

close it, as it would have been to have sent the

original message.
But let us go back to the telephone. While

it is possible to send a message from New
York to San Francisco by telegraph, it is not

possible to telephone that distance, because as

yet no one has been able to devise a repeater
that will transfer spoken words from one line

to another satisfactorily. But unless the

printer and publisher bestir themselves some
one may accomplish the feat before this little

book reaches the reader. If this proves to be

true, let the writer be the first to congratulate
the successful inventor.
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SUBMARINE CABLES.

The first attempts at transmitting messages

through wires laid in water were made about

1839. These early experiments were not very

successful, because the art of wire-insulation

had not attained any degree of perfection at

that time. It was not until gutta-percha be-

gan to be used as an insulator for submarine
lines that any substantial progress was made.
The first line, so history states, that was suc-

cessfully laid and operated was across the

Hudson River in 1848. This line was con-

structed for the use of the Magnetic Telegraph
Company.
In the following year experiments with

gutta-percha insulation were successfully

made, and about 1850 a cable was laid across

the English Channel between Dover and Calais

(twenty-seven miles), consisting of a single
strand of wire having a covering of gutta-

percha. The insulation was destroyed in a

day or two, which demonstrated the fact that

all submarine cables must be protected by
154
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some kind of armor. In 1851 another cable

was laid between these two points, containing
four conductors insulated with gutta-percha,
and over all was an armor of iron wire.

Twenty-one years later this cable was still

working, and for all we know is working now.
After this successful demonstration other

cables were laid for longer distances.

These short-line cables served to demon-
strate the relative value of different material

for insulating purposes under water, and it

has been found that gutta-percha possesses

qualities superior to almost every other mate-

rial as an insulator for submarine cables, al-

though there are many better materials for

air-line insulation. Gutta-percha when ex-

posed to air becomes hardened and will crack,

but under water it seems to be practically in-

destructible.

Ocean telegraphy really dates from the lay-

ing of the first successful Atlantic cable.

There were many problems that had to be

solved, which could be done only by the very

expensive experiment of laying a cable across

the Atlantic Ocean. In the first place a sur-

vey had to be made of the bottom of the ocean

between the shores of America and Great
Britain. The most available route was dis-

'd by Lieutenant Maury of the United
e Navy, who made a series of deep-sea

iings, and di.-roven.-d that, from New-
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foundland to the west coast of Ireland the bot-

tom of the ocean was comparatively even, but

gradually deepening toward the coast of Ire-

land until it reached a depth of 2000 fathoms.

It was not so deep but that the cable could be

laid on the bottom, nor so shallow as to be in

danger of the waves, icebergs or large sea-ani-

mals.

The water below a certain depth is always
still and not affected by winds or ocean cur-

rents. At many other points in crossing the

ocean, high mountains and deep valleys are

encountered, possessing all the topographical
features of dry land as the ocean bed is only
a great submerged continent.

The beginning of the laying of the first At-

lantic cable was on Aug. 7, 1857. On the

morning of Aug. 7, 1858, a year later, after a

series of mishaps and adverse circumstances

that would have discouraged most men, the

country was electrified by a dispatch from

Cyrus W. Field of New York (to whom the

final success of the Atlantic cable is mainly

due), that the cable had been successfully

laid and worked. But this cable worked only
from the 10th of August to the 1st of Septem-
ber, having sent in that time 271 messages.
The insulation became impaired at some point,

when an attempt to force the current through

by means of a large battery only increased the

difficulty.
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The failure of this first cable served to teach

manufacturers and engineers how to construct

cables with reference to the conditions under

which they are to be used. It was found that

in the deep sea a much smaller and less ex-

pensive cable could be used than would answer

at the shore ends, where the water is shallow.

The shore ends of an ocean cable are made
v. -ry large, as compared to the deep-sea por-

tions, so as to resist the effect of the waves and
other interfering obstacles. It was further

learned that the most successful mode of trans-

mitting signals through the cable was with a

small battery of low voltage, and by the use of

very delicate instruments for receiving the

messages. It is not possible to employ such
instruments on cables as are used on land-

lini-s. while it would not be a difficult feat to

transmit even twice the distance over land-

strung on poles, using the ordinary Morse

:aph.
The water of the ocean is a conductor, as

well as the heavy armor that surrounds the

insulation of the cable. When a current is

transmitted through the conducting wires, in
the miter of the cable, they set up a counter-

charge in the armor and the water above it,

-hat a< an electrified cloud will induce a

ehar^e in the e;irth under it. of an opposite
nature. This countercharge, being so close to

the conducting wire. h;i- a rel;;r<ling effect
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upon the current transmitted through it. An
ordinary land-line that is strung on poles that

are high up from the ground has this effect re-

duced to a minimum, but the greater the num-
ber of wires clustered together on the same

poles the more difficult it becomes to send

rapid signals through any one of them.

The instrument used for receiving cable

messages was devised by Sir William Thomp-
son, now Lord Kelvin. One form consists of

a very short and delicate galvanometer-needle

carrying a tiny mirror. This mirror is so re-

lated to a beam of light thrown upon it that it

reflects it upon a graduated screen at some dis-

tance away, so that its motions are magnified

many hundred times as it appears upon the

screen. An operator sits in a dark room with

his eye on the screen and his hand upon the

key of an ordinary Morse instrument. He
reads the signal at sight, and with his key
transmits it to a sounder, which may be in

another room, where it is read and copied by
another operator. Another form of receiving-

instrument carries, instead of the mirror, a

delicate capillary glass tube that feeds ink

from a reservoir, and by this means the move-

ments of the needle are recorded on a moving

strip of paper. The symbols (representing

letters) are formed by combinations of zigzag

lines, This instrument is the syphon-recorder,
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SHORT-LINE TELEGRAPHS.

Early in the history of the telegraph short

began to be used for private purposes,
and as the Morse code was familiar only to

those who had studied it and were expert oper-

ators on commercial lines, some system had
to be devised that any one with an ordinary

English education could use; as the expense
of employing two Morse operators would be too

great for all ordinary business enterprises.

The<p short lines are called private lines, and
the instruments used upon them were called

private-line telegraph-instruments. Of course

they are now nearly all superseded by the tele-

phono, hut they are a part of history.

One of the earliest forms of short-line in-

struments was called the dial-telegraph. One
of the first inventors, if not the first, of this

I'M mi of instrument was Professor Wheat-
stone of England, \vho perfected a dial-tele-

^raph-insfrumont ;ih..nt the year 1839. The
iiiLr -en(] of this instrument consisted of

a lettered dial-fare, under which was clock-

work mechanism and an escape-wheel con-

159
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trolled by an electromagnet. Each time the

circuit was opened or closed the wheel would
move forward one step, and each step repre-
sented one of the letters of the alphabet, so

that the wheel, like the type-wheel of a print-

ing telegraph, had fourteen teeth, each tooth

representing two steps. As the reciprocating
movement of the escapement had a pallet or

check-piece on each side of the wheel, its

movement was arrested twenty-eight times in

each revolution. These twenty-eight steps cor-

respond to the twenty-six letters of the al-

phabet, a dot and a space. On the shaft of the

escape-wheel is fastened a hand or pointer,
which revolves over a dial-faee having the

twenty-six letters of the alphabet, also a dot

and space. The pointer was so adjusted that

when the escape-wheel was arrested by one of

the pallets it would stop over a letter, showing
thus, letter by letter, the message which the

sender was spelling out.

The transmitter consisted of a crank with
a knob and a pointer on it, which was mounted
over a dial that was lettered in the same way
as the face of the receiving-instrument. A
revolution of this crank would break and close

the circuit twenty-eight times; that is to say,

there were fourteen breaks and fourteen

closes of the circuit. If now the transmitting-

pointer and the receiving-pointer are unified

so that they both start from the same point on



SborMine ftelegrapbs. 161

the dial, and the transmitting-crank is ro-

ta u-d from left to right, the receiving-pointer
will follow it up to the limit of its speed. In

Tan-milting a message the sender would turn
his crank, or pointer, to the first letter of the

word he wished to transmit, making a short

pause, and then move on to the next letter, and
,30 on to the end of the message, making a

short pause on each letter. The end of a word
was indicated by turning the pointer to the

space-mark on the dial. The receiving-opera-
tor would read by the pauses of the needle on
the various letters. This was a system of read-

ing by sight.

There have been many forms of this dial-

telegraph worked out by different inventors at

different times, and quite a number of them
were used in the old days. It was a slow proc-
ess of telegraphing, but it was suited to the

n which it flourished. One of the diffi-

culties of a dial-telegraph consisted in the

readiness with which the transmitter and re-

cfciver would get out of unison with each

other; and when this happened of course a

message is unintelligible, and you have to stop
and unify again.

About 1869 the writer invented a dial-tele-

graph to obviate this difficulty. In this system
n Transmitter and receiver were combined in

one instrument, and in-tead <>f a crank there

buttons . Miid ihe dial in a
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circle, one opposite each letter. When not in

operation the pointers of both instruments

at both stations stood at zero. In the act of

transmitting the operator would depress the

button opposite the letter he wished to indi-

cate, when immediately the pointers of both

instruments would start up and move auto-

matically, step by step, until the pointer came
in contact with the stem of the depressed but-

ton, when it would be arrested, and at the

same time cut out the automatic transmitting-
mechanism and cause both needles to remain

stationary during the time the button was de-

pressed. Upon releasing the button the point-
ers both fall back to zero at one leap.

The first private line equipped by this in-

strument was for Rockefeller, Andrews &
Flagler, which was the firm name of the parties

who afterward organized the Standard Oil

Company. This line was built between their

office on the public square in Cleveland and
their works over on the Cuyahoga flats.

It seemed, however, to be the fate of the

writer to make new inventions that would

supersede the old ones before they were fairly

brought into use. Very soon after the dial-

telegraph began to be used, printing telegraph
instruments for private-line purposes super-

seded them. About 1867 a printing instru-

ment was devised for stock reporting, which

in one of its forms is still in use. Soon after
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the invention of this form of printer a com-

pany was organized to operate not only these

stock-reporting lines, but short lines for all

sorts of private purposes. Following the in-

vention of the stock-reporting instrument

there were several adaptations made of the

printing telegraph for private-line purposes.

Among others the writer invented one known
as

"
Gray's automatic printer," a cut and a

description of which may be found on page 684

in
"
Electricity and Electric Telegraph," by

George B. Prescott, published in 1877. This

instrument was adopted by the Gold and Stock

Telegraph Company as their standard private-
line printer. It was first introduced in the

year 1871, and at the time the telephone began
to be used there were large numbers of these

printers in operation in all of the leading
cities and towns in the United States. While
this has been superseded to a large extent by
the telephone, there are still a few isolated

cases where it is used.

Short lines have multiplied for all sorts of

purposes, until to-day the money invested in

tin-in largely exceeds the amount invested in

tin- regular commercial telegraphic enterprises.
The invention of the telephone created such

a demand for short-line service that some
scheme had to be devised not only to make
room for the necessary wires, but to so cheapen
the in-truments as to bring them within reach
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of the ability of the ordinary man of business.

This problem has been solved (but not with-

out many difficulties) by the inauguration of

\\liat is known as the "central station." By
this system one party simply controls a single

wire from his office or residence to the central

st;it ion; here he can have his line connected

\\ilh any other wire running into this same

station, by calling the central operator and

asking for the required number. It is useless

to tell the public that very often this number

is "busy," and here is the great drawback to

the central-station system. This is especially

true in 1,-irge cities, where there are a. great

number of lines. The switchboards in large

cities are nccc-<arily very complicated affairs,

and it requires a number of operators to an-

$wer the many calls that are constantly coining

in. Each central-station operator presides over

a certain section of the board, and as this

section has to be related in a certain way to

every other section, it is easy to see wherein

arises the complication.
In large cities the central stations them-

selves have to be divided and located in dif-

ferent districts, being connected by a system
of trunk lines.



CHAPTER XIX.

THE TELAUTOGRAPH.

So far we have described several methods of

electrical communication at a distance, in-

cluding the reading of letters and symbols at

sight (as by the dial-telegraph and the Morse
code embossed on a strip of paper) ; printed

messages and mes-ages received by means of

arbitrary sounds and culminating in the most
wonderful of all, the electrical transmission of

articulate >pecch.

None of these systems, however, are able to

trim-mil a message that completely identifies

:ider without confirmation in the form of

an autograph letter by mail.

In 1 s
*!).'} there was exhibited in the electrical

building at tin- World's Fair an instrument

invented by the \vriter called the Telauto-

graph. A< the word implies, it is a system by
which a man's own handwriting may be trans-

mitted to a di-tancc through a wire and re-

;<-od in facsimile at the receiving-end.
Tin- in-tniMn -nt h. '-n described in

th<- public print< that \ve will not attempt to

do it h,-re. foi th reason that it would be im-

Iffi



166 Nature's /HMracleS.

possible without elaborate drawings and speci-

fications. It is unnecessary to state that it

differs in a fundamental way from other fac-

simile systems of telegraphy. Suffice it to say
that as one writes his message in one city

another pen in another city follows the trans-

mi t ting-pen with perfect synchronism; it is

as though a man were writing with a pen with

two points widely separated, both moving at

the same time and both making exactly the

same motions. By this system a man may
transact business with the same accuracy as

by the United States mail, and with the same

celerity as by the electric telegraph.
A broker may buy or sell with his own sig-

nature attached to the order, and do it as

quickly as he could by any other method
of telegraphing, and with absolute accuracy,

secrecy and perfect identification.

In 1893, when this apparatus was first pub-

licly exhibited, it operated by means of four

wires between stations, and while the work it

did was faultless, the use of four wires made
it too expensive and too cumbersome for com-
mercial purposes ; so during all the years since

then the endeavor has been to reduce the num-
ber of wires to two, when it would stand on
an equality with the telephone in this respect.

It is only lately that this improvement has

been satisfactorily accomplished, and, for rea-

sons above stated, no serious attempt has been
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made to introduce it as yet; but it has been

used for a long enough time to demonstrate its

practicability and commercial value. Compa-
nies have been organized both in Europe and
America for the purpose of putting the telau-

tograph into commercial use.

By means of a switch located in each sub-

scriber's office the wires may be switched from
a trie-phone to a telautograph, or vice versa,

in a moment of time. By this arrangement a

man may do all the preliminary work of a

businrs- transaction through the telephone,
and when IK- is ready to put it into black and
white switch in the telautograph and write it

down. For ordinary exchange work this is un-

doubtedly the true way to use the telauto-

graph, because one system of wires and one
rent nil-station system will answer for both

modes of communication, and in this way an
enormous saving can be made to the public.
There is no quotinn in the mind of any one
who is familiar with the operation of both the

telephone and telautograph but that some day
they will both be used, either in the same or

separate systems, as they each have distinctly

separate fields of usefulness, the telephone
for desultory conversation, the telautograph

'curate bu-inc traii-a<-ti.tns. The ques-
tion may arise in the minds of experts how the

two systems can be worked in the same set of
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cables, and this leads us to discuss the phe-
nomena of induction.

Every one who has listened at a telephone
has heard a jumble of noises more or less pro-

nounced, which is the effect of the working of

other wires in proximity to those of tin t !<-

phone. If, when a Morse telegraph instrument
is in operation on one of a number of wires

strung on the same poles, we should insert a

telephone in any one of the wires that were

strung on the same poles or on another set of

poles even across the street, we could hear the

working of this Morse wire in the telephone,
more or less pronounced, according to the dis-

tance the wire is from the Morse circuit. This

phenomenon is the result of induction, caused

by magnetic ether-waves that are set up wlu-n-

ever a circuit is broken and closed, as ex-

plained in Chapter VI.

The telephone is perhaps the most sensitive

of all instruments, and will detect electrical

disturbances that are too feeble to be felt on
almost any other instrument, hence the tele-

phone is preyed upon by every other system of

electrical transmission, and for this reason has

to adopt means of self-protection. It has been
found that the surest way to prevent interfer-

ence in the telephone from neighboring wires

is to use what is called a metallic circuit that

is to say, instead of running a single wire from

point to point and grounding at each end, as
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in ordinary telegraph systems, the telephone
circuit is completed by using a second wire in-

stead of the earth.

As a complete defense against the effects of

induced currents tin- wires should be exactly
alike as to cross-section (or size) and resist-

ance. They should be insulated and laid to-

gether with a slight twist. This latter is to

cause the two wires so twisted to average al-

ways the same distance from any contiguous
wire.

One factor in determining the intensity of

an induced current is the distance the wire in

which it flows is from the source of induction.

A telephone put in circuit at the end of the

two wires that are thus laid together will be

practically free from the effects of induced
currents that are set up by the working of

contiguous wires for this reason: Whenever
a current is induced in one of the slack-

twisted wires it is induced in both alike; the

two impnl-es lu-ing of the same polarity meet
in the telephone, where they kill each other.

del to have a perfect result we must have

perfect conditions, which nro never attained

absolutely, but nearly enough for all practical

j.i ir poses.

In thr rarly days of telephony great diffi-

culty wa- .-,.) iii n-inir a single wire

:uled at ea<-h end in thr ordinary way, if

it ran near other wires that were in ju.-li\-
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As time passed on and the electric light and
electric railroad came into operation these dif-

ficulties were immensely increased, till now in

large cities the telephone companies are fast

being driven to the double-wire system, which
will soon become universal for telephonic pur-

poses the world over, except perhaps in a few

country places where there is freedom from
other systems of electrical transmission. To
successfully work the telephone and telauto-

graph through the same cables, these protective
devices against induction must be very care-

fully provided and maintained.



CHAPTER XX.

SOME CURIOSITIES.

Until within recent years it was never sup-

posed that a sunbeam would ever laugh except
in poetry. But the modern scientist has taken

it out of the realm of poetry and put it into the

prosy play of every-day life. The Radiophone,
invented by A. G. Bell, is an instrument by
which articulate or other sounds are transmit-

ted through the medium of a ray of light. It

has as yet no practical application and has

never gone beyond the experimental stage, but

as a bit of scientific information it is very in-

teresting.

If we introduce into an electric circuit a

piece of selenium, prepared in a certain way,
Distance as an electric conductor under-

goes a radical change when a beam of sunlight
is tin-own upon it. For instance, a selenium
ci-H. <(. called, that in the dark would measure

hms resistance, would have only about

150 ohms when rxj >"-<<] to sunlight. This

amount of variation in a short circuit of low

resistance would produce a considerable change
171
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in the strength of a current passing through
it from a battery of a given voltage.

If now we connect a selenium cell to one

pole of a battery, and thence through a tele-

phone and back to the other pole, we have com-

pleted an electric circuit, of which the sele-

nium cell is a part, and any variation of re-

sistance in this cell, if made suddenly, will

be heard in the telephone. Let the diaphragm
of a telephone transmitter have a very light,

thin mirror on one side of it, and a beam of

sunlight be thrown upon it and reflected from
that on to the selenium cell, which may be

some distance away. Then, if the diaphragm
is thrown into vibration by an articulate word
or other sound, the light-ray is also thrown
into vibration, which causes a vibratory change
of resistance in the selenium cell in sympathy
with the light-vibrations; and this in turn

throws the electric current into a sympathetic

vibratory state which is heard in the tele-

phone. So that if a person laughs or talks or

sings to the diaphragm, the sunbeam laughs,
talks and sings and tells its story to the elec-

tric current, which impresses itself upon the

telephone as audible sounds articulate or

otherwise. Instead of the telephone, battery
and selenium cell, a block of vulcanite or cer-

tain other substances may be used as a re-

ceiver; as a light-ray thrown into vibration.
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ha> the power to produce sound or sympathetic
vibration in certain substances.

Another curious application of the sele-

nium cell has been attempted, but has scarcely

gone beyond the domain of theory. This

apparatus, if perfected, might be called a

Tdephote. It is an apparatus by which an
illuminated picture at one end of a line of

many wires is reproduced upon a screen at

the other end. The light is not actually trans-

mitted, but only its effects. Suppose a picture
is laid off into small squares and there is a

selenium cell corresponding to each square
and for each selenium cell there is a wire that

runs to a distant station in which circuit there

is a battery. At the distant station there are

little shutters, one for each wire, that are con-

trolled by the electric current and so adjusted
that when the cell at the transmitting-end is

in the dark the shutter will be closed. Now if

ng light he thrown' upon the picture at

the transmit tinir-cnd, and each square of the

picture reflects the light upon its correspond-
ing selenium cell, the high lights of the

picture will reflect stronger light than the

shadows, and therefore the wires correspond-
to the high-light squares will have a

stronger current !' electricity flowing through
them, because the resistance of the circuit is

less than the ones connected with the darker

shadows. So that the degree of current-
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strength in the various wires will correspond
to the intensity of light reflected by the dif-

ferent sections of the picture. The shutters

are so adjusted that the amount of opening

depends upon the strength of current. The
shutters corresponding to the high lights of

the picture will open the widest and throw the

strongest light upon the screen, from a source

of light that is placed behind the shutters.

The shutters that open the least will be those

that are operated upon by the shadows of the

picture. Inasmuch as a picture thrown on a

screen from a source of light is wholly made

up of lights and shadows, the theory is that

this apparatus perfectly constructed would
transmit any picture to a distance, through

telegraph-wires. It must not be understood

that the rays of light are transmitted through
the wires as sound-vibrations are. Light, per
se y can be transmitted only through the lumi-

niferous ether, as we have seen in the chapter
on light in Volume II.

While we are talking about these curious

methods of telegraphic transmission, I wish to

refer to an apparatus constructed by the writer

in 1874-5, for the purpose of receiving musical

tones or compositions transmitted from a dis-

tance through a wire by electricity. (A cut

of this apparatus is shown on page 875 of
"
Electricity and Electric Telegraph," by

Prescott, issued in 1877.) It consists of a disk
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of metal rotated by a crank mounted on a
suitable stand. The electric circuit passes

through the disk to the hand of the operator
in contact with it, thence running through the

line-wire to the distant station. Now, if a

tune is played at that station, upon an elec-

trical key-board, as described in a previous

chapter, and the disk rotated \vith the fingers
in contact with it, the tune or other sounds will

be reproduced at the ends of the fingers. After
the telephone was invented and put into use I

used this revolving disk as a receiver for

speech as well as music, and by this means

persons may carry on an oral conversation

through the ends of their fingers. This appa-
ratus has been confounded in the minds of

SMIIIC people with Edison's electromotograph.
The phenomena of the electromotograph were

produced by chemical effects, while that of the

apparatus just described is electrostatic in its

action. The electrostatic disk was made in

the winter of 1873-4, while Edison's electro-

chemical discovery was made some time later.



CHAPTER XXI.

WIRELESS TELEGRAPHY.

Broadly speaking,
" Wireless Telegraphy

"

is any method of transmitting intelligible sig-

nals to a distance without wires; and this in-

cludes the old Semaphore systems of visual

signals, such as flags and long arms of

wood by day, and lights by night; also the

Heliograph (an apparatus for flashing sun-

light), and Sound Signals, made either through
the air or water. Electrical conduction, either

through rarefied air or the earth, also comes
under this heading.
The name " Wireless Telegraphy," however,

is specifically applied to a system of signaling

by means of ether-waves induced by electrical

discharges of very high voltage. Ether-waves
of a greater or less degree are always set up
whenever there are sudden electrical disturb-

ances, however slight. Ether-waves, electric-

ally induced, are probably as old as the uni-

verse. When " there were thunders and

lightnings" from the cloud that hovered over

Mount Sinai in the time of Moses, ether-waves

of great power were sent out through the camp
176
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of Israel. But the people of those days had
no " coherer "

or telephone or any other means
of converting these waves into visual or audi-

ble signals. Thousands of years had to elapse
before the intellect of man could grasp the

meaning of these natural phenomena suffi-

ciently to harness them and make them sub-

servient to his will.

Many people have been powerfully "shocked"

some even killed by the impact of ether-
- set up by powerful discharges of light-

ning between the clouds and the earth when
they were not in the direct path of the light-

jiinir-stroke.

The history of Electro-Wireless Telegraphy,
like that of all inventions, is one of successive

stages, and all the work was not done by one
man. The one who gets the most credit is

usually the one who puts on the finishing
touches and brings it out before the public,
lie may have done much toward its develop-
ment or lie may have done but little.

In the year 1842 Morse transmitted a bat-

urn in through the water of a canal

eighty feet wide so as to affect a galvanometer
on the <>i.]i"-ite side from tin- battery. This

was wireless telegraphy by conduction through

In 1835 Joseph Henry produced an effect on
'-.Milometer by ether-\vave< through a dis-

of twenty foot by an arrangement of
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batteries and circuits like that shown in Fig.

1, Chapter VI. This was called induction, and
is still so called when electrical effects are pro-
duced from one wire to another through the

ether for short distances. All induction-coils

and transformers (see Chapter XXIV) are

operated by effects produced through the ether

from the primary to the secondary coil but

through very short distances.

In 1880 Professor Trowbridge transmitted
an electrical current through the earth for one
mile so as to produce signals in a teleph< i<-.

In 1881-2 Professor Dolbear used for a short

distance (fifty feet) substantially the same ar-

rangement as Marconi now uses, except that

the former used a telephone as a receiver. 1 1
-

used an induction-coil having one end of the

secondary wire connected with the earth, while

the other was attached to a wire running up
into the air. At the receiving-end a wire

starting from the earth extended into the air,

passing through a telephone, which acted as a

receiver. In 1886 he used a kite to elevate the

wire, through which electrical discharges of

high voltage were made into the air to pro-
duce ether-waves the receiver being 2000 feet

away. Dolbear's experiments were public
fourteen years ago, but at that time there was
no interest in such matters, so that his work
received little or no attention. In 1887 Dr.

Hertz of Germany made some experiments in
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producing and detecting ether-waves, and he

did a great deal to awaken an interest in the

subject, so that others began investigations

that have led to its present use as a means of

u Wraphing to a distance of many miles.

In 1891 Professor Branly of Paris invented

the coherer. In 1894 it was improved by

Lodge and by him used as a detector of ether-

waves. In 1896, ten years after Dolbear had

used it with the kite at the transmitting-end

and telephone at the receiving-end, Marconi,

an Italian, substituted the coherer of Branly
for the telephone of Dolbear. This coherer is

constructed and operated as follows:

It consists of a glass tube, of comparatively
small diameter, loosely filled with metal filings

of a certain grade. This body of metal-dust is

made a part of a local battery circuit in which

i< placed an ordinary electric bell or tele-

graphic sounder. The resistance of this body
cif tilings is so great that current enough will

not pass through it to ring the bell or actuate

the sounder until an ether-wave strikes it and

tin- wire attached to it, when the metal par-

ticles are made to cohere to such an extent that

the conduct ivity of the mass is greatly in-

-d; so that a current of sufficient volume

will now pass through the hdl-ma^net to ring

it. Before the next signal mines the filings

must be made to dc-colii-iv : aixl to accomplish

this a little
"
tapper," that works automat i<-all\
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between the signals, strikes the glass tube with
a succession of light blows.

Briefly stated, the wireless system of Mar-

coni, in its essentials, consists of a powerful
induction-coil with one end of the secondary
wire connected with the earth, while the other

extends into the air a greater or less distance

according to the distance it is desired to send

signals. The greater the distance the higher
the wire should extend into the air. At the

receiving-end a wire of corresponding height
is erected, also connected with the earth. In
this wire as a part of its circuit is placed
the coherer. In a local circuit that is con-

nected to the upright wire in parallel with the

coherer is placed a battery*, a sounder, or a

bell, that is rung when the filings cohere.

When an ether-wave is set up by a discharge
of electricity into the air it strikes the per-

pendicular wire of the receiver, and that por-
tion of the wave that strikes is converted into

electricity, which is called an induced current.

It is this current, as it discharges through the

coherer to the earth, that causes the filings to

unite so as to close the local circuit and oper-
ate the sounder. To send a message it is only

necessary to make the discharges into the air,

at the sending-end, correspond to the Morse

alphabet.
While Marconi has done more than any

other man to improve and popularize wireless
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telegraphy, history shows that he invented

none of the essential elements so far as the

system has been made public.

What he seems to have really done was to

substitute the coherer of Branly and Lodge,
with its adjuncts, for the telephone of Dol-

bear. There is no doubt but that Marconi has

done much to improve and enlarge the capacity
of the apparatus and to demonstrate to the

world some of its possibilities. He has been

an indefatigable worker and deserves great

credit ; but without the work of those who pre-

ceded him he could not have succeeded : the

honors should be divided.

This system has been used at various times

for reporting yacht-races, and between ships.

It is said also to have been used to some ex-

tent in the South African War. There is

much to be done yet, however, before it can be

made entirely reliable for defensive work in

time of war. As it is now, all an enemy would
have to do to destroy its usefulness would be

to set an ether-wave-producer to work auto-

matically anywhere within the "sphere of in-

fluence" of the system to speak diplomat-

ically when it would render unintelligible

any message that should be sent. To make
the system of the greatest value some sort of

select ; IT imi-t be invented that will

select signals sent fnun a transmitter that is

urned to work with it.
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There is no doubt but that wireless teleg-

raphy will some time play an important part
in many spheres of usefulness.

There is another mode (already referred

to) for transmitting signals electrically with-

out wires through the earth instead of through
the air, but in this case it is not through the

medium of induction, but conduction. It lias

been explained in former chapters that earth-

currents are constantly flowing from one point
to another where the potentials are unequal.
Sometimes these inequalities of potential are

caused* by heat and sometimes by electricity,

as in the case of a thunder-storm. If a cloud

is heavily charged with positive electricity,

say, the earth underneath will have an equal
charge of negative electricity. Let us illus-

trate it by the tides. As the moon passes over

the ocean it attracts the water toward it and
tends to pile up, as it were, at the nearest point
between the earth and the moon. Suppose
that (while the water is thus piled up at a

point under the moon) we could suddenly sus-

pend the attraction between the earth and the

moon the water would begin immediately to

flow off by the force of gravitation until it had
found a common level. Suppose in the place
of the moon we have a cloud containing a

static charge of positive electricity it at-

tracts a negative charge to a point on the

earth nearest the cloud. If now a discharge
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takes place between the earth and cloud the

potential between the two will suddenly be-

come equalized and the static charge that was
accumulated in the earth is released and it

dissipates in every direction, seeking an equi-

librium, following the analogy of the water;
the difference being that in one case the move-
ment is very slow, while in the other it is as
"
quick as lightning."

About eighteen years ago I had a short tele-

phone-line between my ^ouse and that of one

of my neighbors. This line was equipped with

what was known in those days as magneto-
transmitters, such as we have described in a

previous chapter on the subject of telephony.
When a line is equipped in this way no bat-

teries are needed, as the voice generates the

current, on the principle employed in the

dynamo-electric machine. Often on summer
evenings, when the sky appears to be cloudless,

we can see faint flashes of lightning on the

horizon, an appearance which is commonly
! "heat-lightning." As a matter of fact,

I do not suppose there is any such thing as

heat-lightning, but what we see i- the effect of

nn-clouds. Often at such times

I have held the telephone receiver to my ear

and couM hear -imiiltaiie.,u-ly with each flash

a slitrht sound in the telephone. This effect

couM !>< pro.liieed in the earth by a simple dis-

charge between two or more clouds, which
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would distribute the electrical discharge over

a greater area. And because my line had con-

nection with the earth it could have been dis-

turbed electrically by conduction instead of

induction; or it may have been the effect of

ether-waves set up by the lightning discharges.

There is no doubt in my mind but that both

of these effects (ether-waves and conduction

through earth) may be felt when a discharge
takes place between a cloud and the earth.

If we could, by operating an ordinary tele-

graphic key, cause the lightning to discharge
from cloud to earth, and some one was lis-

tening at a telephone in a circuit that was

grounded at both ends 100 miles or more dis-

tant from the cloud, the man who controlled

the discharges by the key could transmit the

Morse code through the earth to the man who
was listening at the telephone. Thousands of

people might be listening at telephones in

every direction from the transmitting-station,

and they would all get the same message. If

the receiving-station is near to the point where
there is a heavy discharge from the clouds to

the earth the earth-current is very strong-
flowing out in every direction. For some years
I had an underground line between my house
and laboratory, and no part of the line be-

tween the two stations was above ground.

Many and many times during the prevalence
of a thunder-storm have the telephone-bells
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been made to ring at both ends of the line by
a discharge from the cloud to the earth, and in

some cases the discharge was several miles

away. The wires could not have been affected

so powerfully in any other way than through
the earth.

It will be seen by the foregoing statements
that it is possible to transmit messages through
the earth for long distances, but the difficulty
in the way of its becoming a general system
is twofold. First, we cannot always have a

thunder-cloud at hand from which to transmit
our signals, and, secondly, the signals would
1,, received alike at every station simulta-

neously.



CHAPTER XXII.

NIAGARA FALLS POWER INTRODUCTION.

As our readers know, Niagara Falls is sit-

uated upon the Niagara River, which is the

connecting-link I 'tween Lake Erie and Lake

Ontario. The surface of Lake Erie lies 330

feet above that of Lake Ontario. The high
level upon which Lake Erie is situated ab-

ruptly terminates at Queenstown, which is

near tin- point where the Niagara River emp-
ties into Lake Ontario. From Lake Erie to

the falls the level of the river is gradually low-

ered a little less than 100 feet, and .most of

this (making
" the rapids ") occurs in the last

mile above the point where it takes a perpen-
dicular plunge of 165 feet into a narrow gorge

extending for seven miles, through which the

river runs, gradually falling also 100 feet in

that distance. The river above the falls is

broad, varying from one to three miles in

width, but below that point it is suddenly nar-

rowed up to a distance of from 200 to 400

yards.
It is supposed that at one time the fall was

situated at the bluff overlooking Queenstown,
186
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near Lake Ontario, and at that time was very
much higher than it is at present. Through
long ages of time the water has gradually
eaten away the rock, thus forming the gorge.
It is estimated by different geologists that the

time required to wear a.vay the rock back to

the present position of the fall has required
from 15,000 to 35,000 years. Some authorities

place the rate of wear at three feet per annum
and others not more than one. It is well

known, however, that this erosion is constantly

going on, and if nothing is done to check it the

time will come when the gorge will extend up
to Lake Erie and drain it, practically, to the

bottom. This is a matter, however, that the

people of this and those of several succeeding

generations need not worry about.

In the early days, before the country was
settled and the banks of the river were lined

with trees, and no houses, hotels or horse-cars

were to be seen ; when the puffing of the loco-

inotive was not heard echoing from shore to

shore; when no bridges spanned the river to

n IMF its beauty, and when nature was the only
architect and beautifier, Niagara Falls must
have been one of the most attractive spots on
the earth ; at least it is the place of all places
where the mighty energies of nature are gath-
ered together in one grand exhibition of sub-

lime power. Here for a^es this same grand
exhibition had l><en ^oing on, and although
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there was no human eye to see it, those of us

who believe that nature is not a thing of

chance, but that it was planned by an intelli-

gence infinitely superior to that of any man,
can easily imagine that the Great Architect

and beautifier of this same nature, not only

plans but enjoys the work of His own hand.

Why not? For ages the same sun, in his daily

round, has reflected that beautifully colored

rainbow, here the product of sunshine and mist.

The same water, through these successive ages,
has been lifted to the clouds by the power
of the sun's rays, and has been carried back
to the fountain-heads on the wings of the

wind, and there has been condensed into rain-

drops, that have fallen on land, lake and river,

and in turn has been carried over this same
waterfall in its onward course toward the sea,

only again to be caught up into the clouds;
and thus through an eternal round it has been

kept moving by that mighty engine of nature,
the sun. It is said that " the mill will never

grind with the water that has passed." This
is true only in poetry. As a matter of fact,
" the water that has passed

"
may often return

to help the mill to grind again.

Water-powers have been utilized in a small

way for many years for the purpose of gen-

erating electricity through the medium of the

dynamo, but nowhere in the world has the ap-

plication of the force been made for this pur-
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pose on such a grand scale as at Niagara Falls.

Wlu-ii one stands on the bank of the river and
sees the great waterfall as it plunges over the

precipice, exerting a force of from five to ten

million horse-power, one is overwhelmed in

contemplation of its possililities as a source

of energy that may be converted into work,
mechanical and chemical, through the medium
of electricity.

The genius of man has devised a way by
which some of this constantly wasting energy
may be converted into electricity and dis-

tributed to different points to perform various

kinds of work. But the amount utilized as

scarcely a drop when compared with that

which might be if the whole torrent could be

set t<> work in the same manner as a very
small portion of it now is.



CHAPTER XXin.

NIAGARA FALLS POWER APPLIANCES.

Some years ago a company was formed for

the purpose of utilizing, to some extent, this

greatest of all water-powers. A tunnel of large

capacity was run from a point a short dis-

t .11 ico below the falls on a level a little above

the river at that point. The general direction

of this tumid is up the river; it is about a

mile and one-half in length, terminating at a

point near the bank of the river a mile or more
above the falls. Above the end of this tunnel

an upright pit comes to the surface, where
a power-house of large dimensions has been

constructed of solid masonry. It is long

enough at present to contain ten dynamos of

mammoth size. Along the side of this power-
house a deep broad canal is cut, which commu-
nicates with the river at that point, and

through which flows the water that is to fur-

nish the power. Of course the water level of

this canal is the same as that of the river.

The foundations of the power-house extend

to the bottom' of the tunnel, which at that

point is 180 feet below the surface of the

190
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ground. To put it in other words, the cellar

or pit under the power-house is 180 feet deep
and communicates with the great tunnel,
which has its outlet below the falls.

Each of the ten dynamos is driven by a tur-

bine water-wheel situated near the bottom of

the pit heretofore described. The turbine-

wheel is on the lower end of a continuous

shaft, which reaches from a point near the

bottom of the tunnel to a point ten or fifteen

feet above the floor of the power-house (which
is about on a level with the surface of the

ground).
Tli is shaft is incased in a water-tight cylin-

der of such diameter as will admit a sufficient

amount of water, and connects with the tur-

bine wheel at the bottom in the ordinary way.
The water is admitted into the top of this

cylinder from the canal, so that the wheel is

under the pressure of a falling column of

r over 140 feet high. The water, forcing

iy out at the bottom through the turbine,

revolves it and its long, upward-reaching shaft

with great power, and enables it to work the

dynamos in the power-house above, as will be

described. The water discharges through the

wheel in such a manner as to lift the whole

shaft, thus taking away the tremendous end-

thrust downward that would otherwise inter-

fere greatly with tin- running of the machine

through friction. After the water has done
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its work it flows off through the tunnel into the

river below the falls.

To the upper end of the power-shaft is at-

tached a great revolving umbrella-shaped
hood; to the periphery (circumference) of

this hood is attached a forged steel ring, 5

inches in thickness, about 12 feet in diameter
and from 4 to 5 feet in width. The whole of

the revolving portion including the ring upon
which are mounted the field-magnets, the

hood, and the shaft running to the bottom of

the pit, where the turbine wheel is attached

weighs about thirty-five tons.

The dynamos belong to the alternating type,
and are comparatively simple in construction.

In a previous chapter upon the dynamo it was
stated that the fundamental feature was the

relation that the field-magnet and the arma-
ture sustained to each other, and that in some
cases the field-magnet revolves while the part
that is technically called the armature remains

stationary. In other cases the armature re-

volves and the field-magnets are stationary.
In the latter case brushes and commutators
are used, to catch and transfer the generated

electricity, while in the former these are not

needed, which simplifies the construction of

the machine.

As we have stated, the dynamos used at

Niagara are constructed with revolving field-

magnets that are bolted on to the inner surface
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of the steel ring that is carried by the hood,

so that there are no brushes connected with the

machine except the small ones used to carry
the current to the field-magnets.

The current for power purposes is generated
in a large stationary armature about ten feet

in diameter and of the same depth as the re-

volving ring. The revolutions of the ring send

out currents of alternating polarity, and each

of the ten machines will furnish electrical

energy equal to 5000 horse-power, so that when
the work that is now under way is completed

50,000 horse-power can be furnished in the

form of electricity. About 35,000 horse-power
is now actually delivered to the various indus-

trial enterprises. The dynamos are set hori-

zontally, since the shaft which connects them
with the turbine wheel stands in a perpen-
dicular position.

Not all <>f the energy that is developed by
the water-wheel is converted into electricity,

but some of it appears as heat. In order to

prevent the heat from becoming so great as to

be dangerous to the machine it must be con-

st nictrd in such a way as to admit of sufficient

ventilation for cooling purposes. The arma-

ture is so constructed that there are air-pas-

sages running all through it, and on top of

flic revolving hood are two bonnet-shaped air-

tubes set in such a way as to force the air

down through the armature, which carries off
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the heat and warms the power-house, on the

principle of a hot-air furnace. This great
machine which, in a way, is so simple in its

construction when in action conveys to the
mind of the beholder a sense of wonderful

power. It is only when we stand in the pres-
ence of such exhibitions as may be seen in this

power-house, devised and executed by the

genius of man, and in that greater presence,
the mighty Falls of Niagara, that we get some-

thing of a conception of the power of the silent

yet potent energy of the great king of daylight,
the sun.

There are very many in ten sting details that

work in connection with this great power-
plant, some of which we will describe, in a gen-
eral way.

Standing within a few feet of each one of

the great dynamos is a very beautifully con-

structed piece of machinery called the gov-
ernor. The governor regulates the speed of

the dynamos by partially opening and closing

the water-gates that regulate the flow of water

into the turbines. The question may be asked,

why is there any regulation needed, if there is

always an even head of water? There are two
reasons one because the load on the dynamo
is constantly changing, and another that the

head of water changes, although this latter

fluctuation is in long periods. If the circuit

leading out from the dynamo is broken, the
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rotating part of the dynamo will move with

great ease and little power, as compared with

what is required when the circuit is closed,

and the current is going out and doing work.

The increased amount of energy that will be

required to keep the dynamo moving at a cer-

tain rate of speed when the load is on in

other words, when the circuit is closed will

depend upon the amount of current that is go-

ing out from the dynamo to perform work at

other points. As the amount of current used

outside for the various purposes is constantly

changing, it follows that the load on the

dynamo is constantly changing also. As the

load changes, the speed will change, unless the

amount of water that is flowing into the tur-

bine is changed in a like proportion; hence

the necessity for a governor that will perform
this work. You can easily imagine that it will

require a great amount of power to move the

gate up or down with such a pressure of water

behind it. It is not possible here to explain
the operation df ilic governor in detail, as that

o.uM ii. t be done without elaborate drawings;
it to say that the whole thing is con-

trolled by a small ball governor such as we see

used in ordinary steam-engines for regulating
-ure.

The rising or falling of the balls of this

governor to only a very slight extent will

bring into action a power that i< driven by
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the turbine itself, which is able to move the

water-gate in either direction according as

the balls rise or fall. For instance, if the balls

rise beyond their normal position, it shows

that the dynamo is increasing in speed, and

immediately machinery is brought into action

that shuts the water off in a small degree, just

enough to bring the speed back to normal. If

the balls drop to any extent, it shows that the

load is too great for the amount of water, and
that the dynamo is decreasing in speed; im-

mediately the power is brought into action,

now in the opposite direction, and the water-

gate is opened wider. These slight variations

of speed are constantly going on, and the con-

stant opening and closing of the gate follows

with them. It is a beautiful piece of ma-

chinery, and is beautifully adapted to the

work it has to perform. It is continually

standing guard over this greater piece of

machinery that is exerting an energy of 5000

horse-power and prevents it from going wrong,
both in doing

" that which it should not do

and leaving undone that which it should do."

It is a machine that, when in action, points a

moral to every thinking person who beholds it.

Every man has such a governor if he only has

the inclination to use it.

I have said further back that the water-

head varies, but usually at long periods. This

variation is chiefly caused by changes of
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wind, and it is very much greater than one

would suppose without studying the causes.

Lake Erie lies in an easterly and westerly di-

rection, and when the wind blows constantly

for a time from the west, with considerable

force, the water piles up at the eastern end of

the lake, which causes the level of the Niagara
River to rise to a very sensible extent. It is

not so noticeable above the falls as below, be-

cause of the great difference in the width of

the river at these two points. Sometimes the

river below the falls, as it flows through the

narrow gorge, will vary in height from twenty
to forty feet. When the wind stops blowing
from the west and suddenly changes and blows

from the east, it carries the water of the lake

away from the east toward the west end, which

will produce a corresponding depression in the

Niagara River. No doubt there is an effect

produced by the difference of annual rainfall,

but the effect from this cause is not so marked
a- that from the changing wiiuK
Another appliance used in the power-house,

clm-fly for handling heavy loads and trans-

ferring them fn.m one point to another, is

railed tin- 1. rtric crane. It is mounted upon
tracks located on each side of the power-house.
The crane spans the \\h<>le distance, and runs

on this track by means of trucks from one end

of the power-house to the other. Running
across this crane is another track which car-
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ries the lifting-machinery, consisting of block

and tackle, able to sustain a weight of fifty

tons. Situated at one end of the crane are

one or more electric motors, which are able,

under the control of the engineer, to produce
a motion in any direction, which is the re-

sultant of a compound motion of the two cars

acting crosswise to each other together with
the perpendicular motion of the lifting-rope
connected with the block and tackle. It seems
like a thing endowed with human reason, when
we see it move off to a distant part of the

building! reach down and pick up a piece of

metal writhing several tons, carry it to some
other portion of the building and lower it into

place, to the fraction of an inch. While the

machine itself does not reason, there is a rea-

soning being at the helm, who controls it and
makes it subservient to his will. The machine
is to the engineer who manipulates it what a

man's brain is to the man liiin-clf. The brain

is the instrument through which the unseen
man expresses his will and impresses his work

upon men and things in the visible world.
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NIAGARA FALLS POWER APPLIANCES.

In the last chapter I described some of the

appliances used in connection with the power-
house. There are many things that are com-

monplace as electrical appliances when used

with currents of low voltage and small quan-

tity, that become extremely interesting when
constructed for the purpose of handling such

currents as are developed by the dynamos
used at Niagara. For instance, it is a very

commonplace and simple thing to break and
close a circuit carrying such a current as is

used for ordinary telegraphic purposes, but

it requires quite a complicated and scien-

tifically constructed device to handle currents

of large volume and great pressure. If such a

current as is generated by a dynamo giving
out 5000 horse-power under a pressure of 2200

volts should be broken at a single point in a

conductor, there would be a flash and a report,

attended \\ith such a degree of heat and such

power for disintegration that it would destroy

instrument
The circuit-breakers used at Niagara are

199
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constructed with a very large number of con-
tacts made of metal sleeves, or tubes, say one
inch in diameter, so constructed that one will

slide within the other; the sleeves being slotted

so as to give them a little spring that secures

a firm contact. These are all connected to-

gether electrically, on each half of the switch,
as one conductor, so that when the switch is

closed the current is divided into as many
parts as there are points of contact in the

switch. Suppose there are 100 of these con-

tact-points, a one-hundredth part of the cur-

rent would be flowing through each one of

them. If, now, these points are so arranged
that they can be all simultaneously separated,
the spark that will occur at each break will be

very small as compared with what it would be

if the whole current were flowing through a

single point, and it would be so small that

there would be no danger attending the open-

ing of the switch. These switches are care-

fully guarded, being boxed in and under the

control of a single individual.

There is another apparatus that is a neces-

sary part of every manufacturing or other

kind of plant that uses electricity from this

power-house, and this is called the transformer.

Many of you are familiar with the box-shaped

apparatus that is used in connection with

electric lighting when the alternating current

is used. Where simply heating effects are re-
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quired, such as in electric lighting, for in-

stance, the alternating current can be used to

greater advantage than the direct current

when it has to be carried to some distance,

owing to the fact that it may be a current of

high voltage. A greater amount can be car-

ried through a small conductor; thus greatly

reducing the cost of an electrical plant that

distributes power to a distance. A transformer

is an apparatus that changes the current from
one voltage to another.

In the ordinary electric-light plant, such as

is used in a small town or village, (he current

that is sent out from the power-station has

-sure of from 1000 to 1500 volts, accord-

ing to the distance to which it is sent. It

would not do, however, for the current to enter

a dwelling at this high pressure, because it is

dangerous to handle, and the liability to fires

originating from the current would be greatly
increased. At some point, therefore, outside

of the building, and not a great distance from

it, a transformer is inserted which changes
the voltage, say, from 1000 down to 50 or 100,

according to the kind of lamps used. Some
- are construct < <1 to be used with a cur-

f fifty volts and others for 100 or more.

Th<- lamp iini-t always be adapted to the cur-

r the current to the lamp, as you choose.

The human body may he placed in a circuit

where such low voltag- i without dan-
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ger, but it would be exceedingly dangerous to

be put in contact with a pressure of 1000 or

more volts, such as is used for lighting pur-

poses.

In principle the transformer is nothing
more or less than an induction-coil on a very

large scale. The ordinary induction-coil, such
as is used for medical purposes, is ordinarily
constructed by winding a coarse wire around
an iron core. This core is usually made of a

bundle of soft iron wires, because the wires

more readily magnetize and demagnetize than

a solid iron core would. Around this coil of

coarse wire, which we call the primary coil, is

wound a secondary coil of finer wire. If now
a battery is connected with the primary coil,

which is made of the coarse wire, and the cir-

cuit is interrupted by some sort of mechan-
ical circuit-breaker, each time the primary or

battery circuit is opened there will be a mo-

mentary impulse in the secondary circuit of a

much higher voltage; and at the moment the

primary circuit is closed there will be another

impulse in this secondary circuit in the oppo-
site direction. The latter impulse is called

the initial and the former the terminal im-

pulse. A current created in this manner is

called an induced current. The initial current

is not so strong as the terminal in this par-

ticular arrangement.
If we should take hold of the two wires con-
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1 with the two poles of the battery and

bring them together so as to close the circuit,

and then separate them so as to break it we
should scarcely feel any sensation if there

only one or two cells, such as are ordi-

narily used with such coils. But if we con-

nect these wires to the coils of the induction

apparatus and then take hold of the two ends

of the secondary coil and break and close the

primary circuit we should feel a painful shock

at each break and close, although the actual

amount of current flowing through the sec-

ondary wire is not as great as that which flows

through the primary; but the voltage (or elec-

tromotive force) is higher, and thus is able

in drive what current there is through a con-

ductor of higher resistance, such as the human
body. For this reason there is more current

forced through the body, which is a poor con-

ductor, than can be by a direct battery current

which has a lower voltage. If now we should

a battery of a number of cells, so as to

get a voltage equal to that given off by the

secondary coil, and connect it with the fine-

coil instead of the coarse-wire coil thus

making what was before the secondary coil the

primary by breaking and closing the battery
circuit as l<-f..iv we shall get a secondary or

induced current in the ire coil, but it

will be a current of low voltage, and will not
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produce the painful sensation that the sec-

ondary coil did.

We have now described the principle of a.

transformer as it is worked out in an ordi-

nary induction-coil. As has been stated, at

Niagara Falls the current comes from the

dynamos with an electromotive force or pres-
sure of 2200 volts. For some purposes this

voltage is not high enough, and for other pur-

poses it is too high; therefore it has to be

transformed before it is used! For some pur-

poses this transformation takes place in the

power-house, and for others it takes place at

the establishment where it is used. For in-

stance, take the current that is sent to Buffalo,

a distance of from twenty to thirty miles. The
current first runs to a transformer connected

with the power-house, win-re it is "stepped-

up
"

(to use the parlance of the craft) from a

voltage of 2200 to 10,000. It is carried to

Buffalo through wire conductors that are

strung on poles, and is there "
stepped-down

"

again through another transformer to the volt-

age required for use at that place. The object

of raising the voltage from 2200 to 10,000 in

this case is to save money in the construction

of the line of conductors between the two

points. If the voltage were left at 2200 the

conductors remaining the same as they are

now the loss in transmission would be very

great, owing to the resistance which these
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wires would offer to a current of such com-

paratively low voltage as 2200. To overcome
this difficulty if the voltage, is not increased

it would be necessary to use conductors that

are very much larger in cross-section (thicker)
than the present ones are. And as these con-

ductors are made of copper the expense would
be too great to admit of any profit to the com-

pany.
If we go back to an illustration we used in

one of the early chapters on electricity we can
better explain what takes place by increasing
the voltage. If we have a column of water

kept at a level say of ten feet above a hole

where it discharges, that is one inch in diam-

eter, a certain definite amount of water will

(lix'harire there each minute. If now we sub-

stitute for the hole that is one inch in diam-
eter one that is only one-half inch in diameter
a ve'ry much smaller amount of water will dis-

charge each minute, if the head is kept at the

same point namely, ten feet. But if now we
raise the column of water we shall in time

reach a height which will produce a pressure
that will cause as much water to discharge

per minute through the one-half-inch hole as

before discharged through the one-inch hole

with only the premie of a ten-foot column.
is exactly what takes place when the volt-

age is
"
stepped-up," which is equivalent to an

increase of pressu;
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It will be seen from the foregoing that these

transformers have to be made with reference

to the use the current is to be put to. In gen-
eral shape they are alike in appearance, the

difference being chiefly in the relation the pri-

mary sustains to the secondary coils. Then-

is another kind of transformer that is used

when it is necessary to have the current always

running in the same direction. This trans-

former, as heretofore explained, does not

change the voltage of the current, but simply
transforms what was an alternating into a di-

rect current. By alternating current we mean
one that is made up of impulses of alternat-

ing polarity first a positive and then a nega-
tive. The direct current is one whose impulses
are all of one polarity. The direct current is

required for all purposes where electrolysis

(chemical decomposition by electricity, as of

silver for silver-plating, etc.) is a part of the

process. The alternating current may be used

without transformation in all processes where

heat is the chief factor. For motive power
either current may be used, only the electro-

motors have to be constructed with reference

to the kind of current that is used.

The rotary transformer, which may be

driven by any power, consists of a wheel car-

rying a rotating commutator so arranged with

reference to brushes that deliver the current

to the commutator and carry it away from
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the same, that the brushes leading out from the

transformer will always have impulses of the

same polarity delivered to them. In the par-
lance of the craft, the transformers that are

used to change the voltage from high to low,
or vice versa, are called

"
static transformers,"

simply because they are stationary, we suppose.
The others are called rotary, or moving trans-

formers, to distinguish them from the other

forms. The operation of the latter is purely
mechanical, while the former is electrical. In
some instances where the static transformers

are very large they develop a great amount of

heat, so much that it is necessary to devise

means for dissipating it as fast a*s created.

In some instances this is done by air-currents

forced through them, but in others, where they
are very large, oil is kept circulating through
the transformer from a tank that is elevated

above it, the oil being pumped back by a ro-

tary pump into the tank where it is cooled

by a coil of pipe located in the oil, through
\vhir-h cold water is continually circulating.

]}y thi- means cold oil is constantly flowing
down through the transformer, where it ab-

sorbs th<- h<-at, which in turn is pumped back
h<- tank, where it is cooled.

Having now traced tin- energy from the

water-wheel through the various transforma-

tions and havi !U<1 in a very general

way the apparatus both for generating elec-
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tricity and for transforming it to the right

voltage necessary for the various uses to which
it is put, wo will proceed in our next chapter
to follow it out to the points where it is deliv-

ered, and trace it through its processes, and
the part it plays in creating the products of

these various commercial establishments.



CHAPTER XXV.

ELECTRICAL PRODUCTS CARBORUNDUM.

The production of electricity in such enor-

mous quantities as are generated at Niagara
Falls has led to many discoveries and will lead

to many more. Products that at one time ex-

isted only in the chemical laboratory for ex-

oerimental purposes, have been so cheapened by

utilizing electrical energy in their manufact-

ure, as to bring them into the play of every-

day life. Still other products have only been

ili- overed since the advent of heavy electrical

<-urrents. A substance called carborundum,
which was discovered as late as 1891, has now
become the basis of an industry of no small

importance. It is a substance not unlike a

diamond in hardness, and not very unlike it in

its composition. The chief use to which it is

put is for grinding metals and all sorts of

abrasive work. It is manufactured into

wheels, in structure like the emery-wheel, and
serves the same purpose. It is much more ex-

pensive tluui the emery-wheel, but it is claimed

that it will do enough more and better work
to make it fully as economical.
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It was my pleasure and privilege to visit

the factory at Niagara Falls, and through
the courtesy of Mr. Fitzgerald, the chemist in

charge of the works, I learned much of the

manufacture and use of carborundum. The
crude materials used in the manufacture of

carborundum are, sand, coke, sawdust and

salt; the compound is a combination of coke

and sand. It combines at a very high heat,

such as can be had only from electricity.

When cooled down the product forms into

beautiful crystals with iridescent colors. The

predominating colors are blue and green, and

yet when subjected to sunlight it shows all

the colors of the solar spectrum to a greater or

less degree. The crystals form into hexagonal

shapes, and sometimes they are quite large,

from a quarter to a half inch on a side. The
salt does not enter into the product as a part
of the compound, neither does the sawdust.

The salt acts as r flux to facilitate the union
of the silica and carbon. The sawdust is put
into the mixture to render it porous so that

the gases that are formed by the enormous
heat can readily pass off, thus preventing a

dangerous explosion that might otherwise

occur. In fact, these explosions have occurred,

which led to the necessity of devising some
means for the ready escape of the gases.

The process of manufacture as it is carried

on at Niagara is interesting. The visitor is
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first taken into the rooms where are stored the

crude material, the sand, coke, sawdust and
salt. The sand is of the finest quality and
very white. The coke is first crushed and
screened, the part which is reduced to suffi-

cient fineness is mixed by machinery with the

right proportion of sand, salt and sawdust.
The coarser pieces of coke are used for what
is called the core of the furnace, which will be

described later on.

This mixture is carried to the furnace-

room, which has a capacity for ten furnaces,
but not all of these will be found in operation
at one time. Here the workmen will be taking
the manufactured material from a furnace
that has been completed, and there another

furnace is in process of construction, while a

third is under full heat, so that one sees the

whole process at a glance. These furnaces are

built of brick, about sixteen feet in length and
about five feet in width and depth. The ends

and bed of the furnace are built of brick, and
might be called stationary structures. The

are also built of brick laid up loosely

without mortar; each time the material is

placed in the furnace, and each time the fur-

nace is emptied, the side-walls are taken

down.
A furnace is made ready for firing by

plafh - <>f tin- mixlurr on tin- hotloin,

and building tin- -i<l< - up about four feet
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high (or half the height when it shall be com-

pleted). A trough, about twenty or twenty-
one inches wide and half as deep, is scooped
out the whole length of the pulverized stuff,

and in this is placed what has before been re-

ferred to as the core of the furnace, namely,

pure coke broken into small pieces, but not

pulverized, as in the case of the other mixture.

The amount used is carefully weighed, so as

to have the core the proper size that experi-

ment has proved to give the best results. The
core is filled in and rounded over till it is in

circular form, being about twenty-one inches

in diameter. At each end of the furnace the

cure connects with a number of carbon rods

about sixty in all that are thirty inches long
ami three inches in diameter. These carbon

rods are connected with a solid iron frame that

stands flush with the outer end of the fur-

nace. On the insi.lr tin- spaces between the

rods are packed full of graphite, which is

simply carbon or coke with all the impurities

driven out, so as to make good electrical con-

nections with the core. This core corresponds,

electrically speaking, to the filament in an or-

dinary incandescent lamp, only it is fourteen

feet long and twenty-one inches in diameter.

The mixed material is now piled up over this

core, and the walls at the sides are built up
until the whole structure stands about eight

feet from the floor a mass of the fine pulver-
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ized mixture, with a core of broken coke elec-

trically connected at the ends. It is now
ready for the application of electricity, which

completes the work.

Let us go back to the transformer-room and
examine the, electrical appliances that bring
the current down to a proper voltage to pro-

duce the heat necessary to cause a union be-

tween the silica of the sand and the carbon of

the coke, which results in the beautiful car-

borundum crystals that we have heretofore de-

scribed.

The current is delivered from the Niagara
Power Company under a pressure of 2200

volts. The conductors run first into the trans-

former-room, which adjoins the furnace-room,
and is tln-rc transformed down from 2200 volts

to an average of about 200 volts. The trans-

formers at tho-c works have a capacity of

about 1100 horse-power. About 4 per cent

of this power is converted into heat in the

process of transformation, making a loss in

<l.rtrial energy of a little over 40 horse-

p. This heat would be sufficient to de-

stroy the trail-former if some arrangement
were not provided to carry it off. We have al-

ready described how thi- i< done through the

medium of a circulation of oil. Because of the

low voltage and enormous quantity of the cur-

rent pa--intr from the transformer to the fur-

nace very large conductors are required. The
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two conductors running to the furnace have a

cross-section of eight square inches, and this

enormous current, representing over 1000

horse-power, is passed through the core of the

furnace, and is kept running through it con-

stantly for a period of twenty-four to thirty-

six hours.

Let us consider for a moment what 1000

horse-power means; as this will give us some

conception of the enormous energy expended
in producing carborundum. A horse-power is

supposed to be the force that one horse can

exert in pulling a load, and this is the unit of

power. However, a horse-power as arbitrarily

fixed is about one-quarter greater than the

average real horse-power. If 1000 horses \\cn;

hitched up in series, one in front of the other,

and each horse should occupy the space of

twelve feet, say, it would make a line of horses

12,000 feet long, which would be something
over two miles. Imagine the load that a string

of horses two miles long could draw, if all were

pulling together, and you will get something
of an'idea of the energy expended during the

burning of one of these carborundum furnaces.

Within a half hour after the current is

turned on a gas begins to be emitted from the

sides and top of the furnace, and when a match
is applied to it, it lights and burns with a

bluish flame during the whole process. It is

estimated that over five and one-half tons of
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this gas is thrown off during the burning of a

single furnace. This gas is called carbon

monoxide, and is caused by the carbon of the

coke uniting with the oxygen of the sand.

When we consider the vast amount of material

that comes away from the furnace in the form
of gas it is easy to see why it is necessary to

introduce sawdust or some equivalent material

into the mixture, in order to give the whole
bulk porosity, so that the gas can readily es-

eape. We should also expect that after five

and one-half tons had been taken away from
the whole bulk that it would shrink in size.

This is found to be the case. The top of the

mass of material sinks down to a considerable

ex t t-nt by the end of the time it has been ex-

posed to this intense heat. Gradually, after

the current has been turned on, the core be-

comes heated, first to a red, and afterwards to

an intense white heat. This heat is communi-
cated to the material surrounding the core,

producing various effects in the different

strata, owing to the fact that it is not possible

to keep a uniform heat throughout the whole

bulk of material. Some of it will be "
over-

done" and some of it
" underdone." The ma-

terial which lie> immediately in contact witli

the core will be overheated, and that, which at

one stage was carborundum, has hee>me di

integrated by overheating.
-iliea of the eompound has been driven
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off, leaving a shell of graphitic substance
formed from the coke.

After the current is shut off and the fur-

nace has cooled down, a cross-section through
the whole mass becomes a very interesting

study. The core itself, owing to the intense

heat it has been subjected to, has had the im-

purities driven out of the coke, leaving a sub-

stance like black lead, that will make a mark
like a lead-pencil, and is really the same sub-

stance, known as plumbago, in one of it?,

forms. It is the carbon left after the impuri-
ties have been driven out of the coke. Sur-

rounding the core for a distance of ten or

twelve inches, radiating in every direction,

beautifully colored crystals of carborundum
are found, so that a single furnace will yield
over 4000 pounds of this material. Beyond
this point the heat has not been great enough
to cause the union between the carbon and

silica, which leaves a stratum of partly-formed

carborundum; outside of that the mixture ib

found to be unchanged.
These carborundum crystals are next crushed

under rollers of enormous weight, after which
the crushed material is separated into various

grades for use in making grinding-wheels of

different degrees of fineness. This crushed ma-
terial is now mixed with certain kinds of clay,

to hold it together, and then pressed into

wheels of various sizes in a hydraulic press,
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and afterward carried into kilns and burned
the same as ordinary pottery or porcelain.

These wheels vary in size from one to sixteen

inches. The substances used as a bond in

manufacturing wheels are kaolin, a kind of

day, and feldspar.

While carborundum has already a large

place as a commercial product, there is no
doubt but that the uses to which it will be

put will vastly increase as time goes on. This

product may be called an artificial one, and
m-ver would have been known had it not been
for the intense heating effects that are ob-

tained from the use of electricity. It certainly
never could have been brought into play as

one of the useful agencies in manufacturing
and the arts. It is not known to exist as a

natural product, which at first thought would
seem a little strange in view of the evidences

of intense heat that at one time existed in the

earth. Its absence in nature is explained by
Mr. l-'it/jrerald by the fact that " the tempera-
tures of formation and of decomposition lie

very close together,"



CHAPTER XXVI.

ELECTRICAL PRODUCTS BLEACHING-POWDER.

Another industry that has assumed large

proportions at Niagara Falls, owing to the vast

quantity of electricity produced there, is the

manufacture of a commercial product called

bleaching-powder, or chloride of lime. Every
one knows that chloride of sodium is simply
common salt, so extensively used wherever

people and animals exist. Simple and harmless

as it is, while it exists as a compound of the

original elements, when separated into those

elements they are each very unpleasant and
even dangerous substances to handle. Salt is

one of the most common substances in nature.

It is found in many parts of the world in solid

beds, and is one of the prominent constituents

of sea-water.

Salt is a compound of chlorine and a metal

called sodium. Sodium in its pure state has a

strong affinity for oxygen, so much so that

when a lump of it is thrown into water it takes

fire and burns violently with a yellow flame.

Chlorine, the substance with which it unites

to form common salt, is a greenish-colored gas,

218
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the fumes of which are very offensive and

very dangerous even to breathe, if the quan-
tity is very considerable.

It is a curious fact in nature that two such

substances as chlorine and sodium, both of

them so difficult and dangerous to handle,
should unite together to form such a useful

and harmless compound as common salt. The

important element in bleaching-powder is the

chlorine which it contains. It is extensively

used in the manufacture of paper and in all

other materials where bleaching is required.

The object of combining it with lime, forming
a chloride of lime, is simply to have a con-

venient method of holding the chlorine in a

safe and convenient manner until it is needed

for use.

The chemical works at Niagara Falls manu-
facture bleaching-powder on a very large

scale. The part that electricity plays is to

separate the chlorine from the sodium as it

in common salt. At the works I was
ik< 11 into a room where a large quantity

red. A belt with little carrier-

buekets on it picked up this salt and carried it

into .-mother room, where it was thrown into

a vast mixing-vat containing water. The salt

was mixed with water until a saturated solu-

tion wa- obtain.-.!. In a largo room, covering
one-half acre or more of ground, were as-

sembled a great number of shallow vessels,
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about 4 by 5 feet square and 1 foot deep,

These vessels were sealed up so that they \\cro

gas-tight. Communicating with all of these

vessels were pipes connecting with the great

tank containing the saturated solution of salt,

From the top or cover of each vessel is a

pipe running to a main pipe that carries off

the chlorine gas into another room as fast as

it is formed. Through each one of these ves*

sels a current of electricity passes; the whole

system consuming about 2000 horse-power,
The electric current, as it passes through tho

brine, separates the chlorine from the sodium,
the chlorine passing in the form of gas up
through the pipes, before mentioned, into the

main pipe, where it is carried into another

large room and discharged into a system of.

gas-tight chambers. Upon the floor of these

chambers is spread a coating of unslacked

lime ground into a fine powder. The lime has

a strong affinity for the chlorine gas and,

rapidly absorbs it, forming chloride of lime.

When the lime is fully saturated with the

chlorine the gas is turned off from that cham-

ber, which is then opened up and the chloride

taken out for shipment. A new coating of

lime is now spread in the chamber and the gas
is turned on and the process repeated.

There are a number of these chambers, so

that the operation in all of its phases is going:

pn continuously. The room where the chlo-
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rine gas is formed is thoroughly ventilated, a

precaution which is very necessary in case any
one of the vats should spring a leak, as they
sometimes do.

In each one of these vats where the elec-

trolytic process is going on there are two

products constantly passing off; one, as be-

fore mentioned, is chlorine gas, and the other

caustic soda in solution. The solution in the

vat is constantly being renewed by the sat-

urated solution of salt from the reservoir be-

fore mentioned. There is one stream contin-

uously coming into the vat and two going out,

caused by the decomposing power of the elec-

tric current. The solution of caustic soda is

carried to large evaporating-pans, where the

water is driven out of it, leaving the caustic

soda in dry, white sticks of crystalline forma-

tion. In this process the electric current,

which comes from the power-house with an

energy of 2000 horse-power, has to be trans-

formed twice; first, to bring it to the proper

voltage for the work of decomposition, and,

lly, to change it from an alternating to

a dim-t current, by which all electrolytic proc-
esses are carried on.

; will notice that the electrical energy

exiM-ndod in tlii- <-t:iMi>lnnent is double that

in the m;umf;irtmv of carborundum.
Tin- r;m-ii<- ><];i. which is one of tin- [n"i

ucts from the deoompotitioi] of -;ilt, i-
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to another establishment, where, by still an-

other electrical process, metallic sodium is

manufactured. The process here being a

secret one, the writer did not have the priv-

ilege of examining the details.



CHAPTER XXVII.

ELECTRICAL PRODUCTS ALUMINUM.

Another comparatively new article of manu-
facture now produced in large quantities at

Niagara Falls is aluminum. Until within the

last few years this metal was not used to any
< xt< nt by manufacturers, because of the great

expense attending its production. Now, how-

ever, it is produced in such quantities as to

make it about as cheap as brass, bulk for bulk.

Aluminum is a very light metal, with a color

somewhat lighter than silver; its specific

gravity being about one-third that of iron.

Aluminum is found in one of its compounds
in great quantities in nature, especially in cer-

tain kinds <f day and in a state of silicate, as

in fcM-par and its associated minerals. It is

found in grc-at quantities in southern Georgia,
win-re it is mixed with the red oxide of iron

that abounds in that region. Here, it exists

as alumina, which is an oxide of aluminum.
Before it is taken to the reduction-works the

alumina is separated from all other sub-

stances. It is a white powder, tasteless, and
not easily acted upon by acids.

223
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Electricity is the chief agent in the produc-
tion of metallic aluminum. The reduction

company buys this alumina, which has been

separated from the clay or ores where it is

mined. In a large room there are located a

great number of iron vats or crucibles, lined

with carbon, about two or two and one-half

feet deep, five or six feet long and four feet

wide.

Immediately over each vat is constructed a

metal framework, through which are inserted

a large number of carbon rods about eighteen
or twenty inches long and from two to two
and one-half inches in diameter. This frame-

work is electrically insulated from the iron

crucibles. The framework and the carbons

are connected with the positive conductor of

the electric current, and the vat or crucible

with the negative. These conductors are very

large, something like a foot in width and an
inch in thickness, and made of some good con-

ductor of electricity. They have to be very

large because they carry a current equal to

3050 horse-power. The current is one of great

volume, but very low voltage; the electromo-

tive force at each vat or crucible being only

about seven volts. As the process is elec-

trolytic, and not simply a heating process, the

direct current must be used, and therefore the

current coming from the power-house must

be transformed twice; first to bring it to a
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proper voltage and secondly to change it from
an alternating to a direct current. These
iron vats or crucibles are connected up in

series, electrically, and then they are filled

\vitli the alumina and certain other materials,

which act either as a flux or as a means of in-

creasing the conductivity of the mixture ; just

what this substance is, is probably one of the

secrets of the process. When all of the cruci-

bles are filled with the mixture the current is

turned on and is kept on continuously night
and day seven days in the week. All of the

material in the different crucibles is heated to

redness, when the process of separation takes

place. The oxygen of the alumina is thrown
off as a gas, and other residuum floats to the

top of the crucible and is skimmed off.

Metallic aluminum in a melted state sinks

to the bottom of the crucible, where it is

dipped out from time to time with large iron

ladles and poured into sand and molded into

I >!<>eks similar to that of pig iron. From time
i<> time, JK the metal is dipped out, fresh

alumina with the other substances are thrown
in on top of the crucible, so that the process is

continually ^oinLr on, day and night, week in

and week out. The heat in the process of re-

ducing alumina, as we have before seen, is not
the chief factor: it -imply serves to reduce the

compound to a fluid state so that the elec-

trolytic action can readily take place.
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Therefore it is not necessary to be brought
to a white heat, as it is in the case of the pro-
duction of carborundum, described elsewhere.

It was extremely interesting to observe the

wonderful magnetic effects that were pro-
duced in iron when brought into proximity
with these enormous electrical conductors.

The voltage was so low that one could handle

them with impunity. The iron crucibles be-

came so magnetic that a heavy bar of iron

seven or eight feet long would cling to their

sides, so that it would be held in an upright

position. Bars of iron would cling to the con-

ductor at any point along its length, and, al-

though these conductors were carrying an

energy of over 3000 horse-power, they pro-
duced no perceptible effect upon the human
body. The reason for this lies in the fact,

first, that the body is not made of magnetic
material, and, secondly, the pressure is so low

that the body being a poor conductor would
not easily allow the low-pressure current to

pass through it.

Aluminum is fast becoming an important
article of commerce, and it is destined to be-

come more and more so on account of its ex-

treme lightness as compared to other metals.

It is found to be valuable also when used
as an alloy with many of the other metals.

One of the great drawbacks to its more ex-

tensive use liss in the fact that as yet no sat-
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isfactory method has been devised for solder-

ing it. Undoubtedly in time this difficulty

will be solved, when its use will be greatly in-

creased. It is estimated that in its various

compounds aluminum forms about one-twelfth

of the crust of the earth.



CHAPTER XXVIII.

ELECTRICAL PRODUCTS CALCIUM CARBIDE.

Another important use to which electricity
is put at Niagara Falls is the manufacture of

a new product, called calcium carbide. Like
carborundum and aluminum, this product
could not have been produced in commercial

quantities in advance of a means for pro-

ducing electricity in enormous volume.
Calcium carbide is a compound of calcium

and carbon. Calcium is a white metal not

found in the natural state, but exists chiefly
as a carbonate of lime, which is ordinary lime-

stone, including the various forms of marble.

As a pure metal it is hard to obtain and very
hard to maintain, as it readily oxidizes when
in contact with the air. The symbol for cal-

cium carbide is CaC
2 , which means that a

molecule of this carbide is compounded of one
atom of calcium and two atoms of carbon.

Ca stands for calcium and C for carbon. When
the symbol has no figure following it, it means
that one atom only enters into the compound;
but if a figure follows, it means that as many
atoms enter in as the figure represents.



Electrical products -Calcturti Gacbifce. 229

The process of manufacturing calcium car-

bide is as follows: Ordinary lime before it is

slacked is ground to a fine powder; then it is

mixed with powdered coke or carbon in the

proper quantities, so that when a chemical

union takes place the proportion will be as be-

fore stated, one atom of calcium to two of car-

bon. As is well known, lime is procured by
exposing ordinary limestone to a red heat for

some hours together. The heat disengages the

carbon dioxide, leaving only a combination of

calcium and oxygen, which is common lime.

The mixture of ground lime and coke is put
into a crucible that surrounds the arc of an
eleetric light of enormous dimensions; the car-

bon conductors amounting to an area of one

square foot or more. In order to cause the car-

IM.M t( unite with the calcium a very intense

heat is n -quired, such a heat as can be obtained

'.nly in the arc of an electric light. When the

enormous current is turned on (amounting to

.vi-r '5000 horse-power) the mixture is melted,
SUM] after an exposure to this intense heat for

ran length of time the oxygen of the un-

slacked lime is thrown off and the carbon
unites with the ealeiuni. which remains in the

rtions of one ;it<>in of calcium to two of

carbon. ;i- before Mated. Tins, it will be noted,
i- purely a heat process, and ;m intense one at

that. Xi elect rolytie action beintr required,

the alternating current is used without trans-
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formation to the direct current, as is necessary
in the manufacture of bleaching-powder and
aluminum, both of which are electrolytic proc-
esses.

When the operation is completed the cur-
rent is turned off and the compound allowed
fo cool. In cooling it assumes a slate color,
which is slightly iridescent when exposed to

light. It also crystallizes to a certain extent.

The value of this new product consists in

its ability to evolve Acetylene gas in large

quantities. A molecule of acetylene gas is

composed of two atoms of carbon to two of

hydrogen. To evolve the gas it is necessary-

only to pour water upon the calcium carbide,
when a union takes place between the carbon
of the carbide and the hydrogen of the water
in the proportions above stated. If there is

water enough the whole of the carbon will pass
off with the gas, leaving a residuum of slacked

lime.

The value of acetylene gas lies in its very
intense illuminating power. This is due to

the fact that the gas is very rich in carbon as

compared with other illuminating gases. It

burns with a pure white light when properly
mixed with air or oxygen, but if there is a lack

of air it burns with a smoky flame. In this

case the carbon is not all consumed and es-

capes into the air in the form of soot or smoke,

but when burned with the proper mixture of
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oxygen or common air it becomes one of the

most brilliant of illuminants. Acetylene, like

most other gases, becomes explosive when
mixed with air in certain proportions. Whether
it is more dangerous to handle than ordinary

illuminating gases the writer is not prepared
to say, as he has not had the opportunity to

make a thorough comparison between it and
other gases from an experimental standpoint.

Kxperiment, after all, is the only sure road
to absolute knowledge. Theories are beautiful

in books and lectures, but they often fail in

tin- laboratory.

Acetylene is now being introduced as an

illuminating gas for domestic and other pur-

poses. Several methods of handling it have

proposed. One is to condense it into

strong metal cylinders and deliver it in that

form: another i< to erect generators at con-

and generate the gas as it is

n-ed. A very ingenious contrivance has been

invented for regulating the generation of the

gas. A certain amount of the calcium carbide

i- placed in a gas-tight ve-^el containing
water. A^ BOOH a- the water comes in contact

with the carhidc the evolution of the gas be-

When the pi D the in-ide of the

hed a certain degree it is made,
through mechanical contrivances, to lift the

c;>rhide out of the water and thus stop the

evolution of - 1 the pressure iff
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relieved through the consumption of the gas
at the burners it allows the carbide to drop
into the water, when the evolution of the gas
begins again.
Of course there is the same objection to this

mode of lighting that attends all open burners ;

it is constantly discharging into the air the

products of combustion, chiefly carbon dioxide,

which is poisonous to animal life. As has

been explained in some of the chapters on

heat, in Volume II, tin- illuminating property
of any gas is determined by the number of

carbon particles that are contained in it, which
become heated to incandescence as soon as

they come in contact with the oxygen of the

air, and remain so, for a brief period, during
their passage between the two extremes of the

flame. While acetylene equals electricity in

its illuminating properties, the latter still

stands without a rival when considered from
a sanitary standpoint, as the use of electricity

!(< not in any degree vitiate the air in a room
where it is used.

We have now given somewhat in detail the

following processes that are carried on at

Xijigara Falls through the agency of elec-

tricity, viz. : The reduction of aluminum from

its oxide alumina; the production of the new
and useful compound called carborundum;
the formation of calcium carbide used for the

production of acetylene gas, and a large chem-
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ical works, where bleaching-powder is made.
In addition to these works, there is an estab-

lishment for the production of sodium from
caustic potash, which is one of the products

arising from the decomposition of salt in the

bleaching-powder works. There is also another
', i>hmrnt for the production of phos-

phorus made from the bones and shells ob-

tained from the phosphate beds that abound
in some of the southern states, on the coast of

the Atlantic Ocean. There is in process of

ruction a plant for the purpose of manu-

farturing chlorate of potash by an electrical

process. In addition to these establishments

mentioned, the electricity is furnished for

power purposes to the Niagara Electric Light

Company; to the electric railway between
ira and Buffalo; to the Niagara Falls

Kailway. on the opposite side of the river; to

\ia.irara Power and Conduit Company of

Buffalo, and the Niagara Development Com-
pany. This is only a small beginning of the

uses to which electricity will be put as an
f>r the development of heat, light and

IM.\V<T as well as for the jiniiliirtion of all sub-

trolysis is the chief factor,

rnpanies or more are now using elec-

tricity from the Niagara power-house, the

amounting to about 35,000 horse-power.



CHAPTER XXIX.

THE NEW ERA.

When we consider the number of new prod-
ucts for whose existence we are indebted to

electricity, and the number of old products
that have heretofore existed experimentally,
in the laboratory of the chemist only, that

have now been brought into play as useful

agents in the various arts and industries, we
begin to realize that this is truly an electrical

age and the dawning of a new era. How
many, many things there are, familiar to the

children of to-day, that were not even imag-
ined by the children of twenty-five to fifty

years ago. Fifty years ago the only useful

purpose to which electricity was put was that

of transmitting news from city to city by the

Morse telegraphic code. It will be fifty-seven

years the first of April, 1901, since the first

telegraph-line was thrown open to the public.

Less than thirty years ago but little advance

had been made in the use of electrical appli-

ances beyond the perfection of certain private-

line instruments, and a means for multiple

transmission. About twenty years ago there

234
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were evidences of the beginning of a new era
in electrical development. At no time in the

history of the world has wonder succeeded
wonder with such rapidity, producing such

astounding results that have revolutionized all ;

our modes of doing business and all of the

operations of commercial and domestic life, as

during the last two decades. We set our
watches by time furnished by electricity from
one central point of observation. We read the

tape from hour to hour, upon which is re-

corded the commercial pulse of the world, as

it throbs in the marts of trade, by means of

this same speedy messenger. We enter a

street-car that is lighted and heated, and at the

same time propelled by the same wonderful

agent. In our homes and on our streets night
is turned into day by a light that outrivals all

other illuminants.

When we wish to speak to a friend who may
be a mile or a thousand miles away we step to

the end of a wire that comes within the walls

of our dwelling and we talk to him as though
face to face, and means are at hand by which
we may write a letter to that same friend and
<l<-livcr it to him in our own handwriting and
over our own signatures, so quickly that it will

appear before him in full form and complete-
ness as soon as the last period is made at the

ene] of the last line.

Qne sees, and hears, and lives more in a
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single day in this age of electricity and steam
than he did in twelve months sixty years ago.
And yet there are those who cry out against
modern inventions and modern civilization,
and are constantly quoting the days of their

grandfathers and great-grandfathers when
"

life was simple
" and there was " time to

rest." "Why are we tormented with this,

thought-stimulating age ?
"

they say.
" Why

are our emotions called into action by modern
music and modern art? Why are we called

upon to help the downtrodden and oppressed,,

and to help to elevate mankind to a highei
level? Why cannot we be left alone in peace
and quiet, to live in the easiest way ?

"

If this be good philosophy, then the swine,
if he were a reasoning being, ought to be

ranked among the greatest of philosophers
when he seeks a wallow in the sunshine and

sleeps away his useless existence. If he is

useful it is because some other being of a

higher order uses him to help along his own
existence. The man in these days who does

not "
keep up with the procession

"
is soon

trodden under foot and some other man uses

him as a stepping-stone to elevate himself.

Yet this is a selfish motive, after all. The

world is now rapidly advancing in light, in

knowledge, in power to use the infinite gifts

that the Creator has hidden in nature; but

hidden only to stimulate and reward our seel$-
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ing. Every man can help in this grand prog-

ress, if not by research and positive thought-

power, at least by grateful acceptance and
realization of what is gained. Look forward!
As Emerson puts it :

" To make habitually s.\

new estimate that is elevation."
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